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PREFACE. 



THE conjiant Importunity of many of 
my Auditors to draw upfucb an In- 
troduSiton to Pbilofopby^ as might 
prepare them to underjiand the federal Sub^ 
jeSls of my LeSiures and Experiment si and 
when thefe are over^ to refrejh their Memories, 
and revive and fx in their Minds the fleeting 
Ideas of what they had then beard andfeen^ 
is the Reajon of the prefent Publication, t 
have alfo taken care to oblige them in another 

RefpeSi 
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The PREFACE. 

R^eSi, and that is, to comprife the Whole in 
fd Jmall a Compafs, as to put them to very 
little Expence, either of Time or Money, to 
acquire a very confiderable Knowkdge of all 
tie principal Branches of this moji valuable 
and delightful Science ; which by this Means 
mil be rendered of great Service to improve 
the Mind, and embellijh it ; but without the 
AJfifiance offuch a Treatife^ it cannot be re-' 
garded as any thing more than a polite and 
Irational Amufement. 

And not onlyfuch as attend the LeSlures, 
but any Gentleman or Lady, who is happy 
enough to have a Tajle for Knowledge of 
ihe beji Sort, will f^d ^this^ fmall TraS 
give them as little Trouble in the Eurfuit 
and Acquiftion of It, and at the fame time 
entertain them with as great a Variety 
and Novelty as they can poffibly eitpeS. 
When they underfiand what they here find 
(for which nothing more than a common 
^Capacity and a little Attention is necejfary) 
they may have Recourfe to Books of a' higher 
Clafs ; buty if they have not Mathematical 

Learning, 
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the 5> RE FACE, 
Learning, they tnufi Se content to under- 
hand Pbilafophy in that Way only which is 
here taught^ viz. By ohferving the Ph^no* 
tnena of. 'Nature^ And deducing from thence 
their Caiifes^ which are rendered general hy 
a ju/l Method of Reafoning^ and proved to 
he real by Experiments. And this isfufficient 
for Mankind in general. 

I jhaU not here fay any thing to recom-^ 
mend the Study of this Science^ having aU 
ready done that in another Piece *. And that 
nothing may be wanting to facilitate the 
Readers Ptogrefs in Philofophical Enquiries^ 
I have embelHJhed and illujirated the Whole by 
fix Copper Platesy reprefenting the principal 
Experiments in each (f the LeSlures*, and 
alfo added a copious Index of all the prin-- 
cipal Matters^ and accented all the Words 
for rightly pronouncing them. Alfo all hard 
or technical Words are thoroughly explained ; 
and I have taken all the Care and Precau- 
tion J poffibly couldy to remove every thing 
that might in the leaf tend to retard the 
Reader J or render this noble and divine Science 
lefs amiable to his View. 

f A Pav^gyric on the Nrwtoman Philosophy. 

To 
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To conclude^ I tnuft advertife th( Readeri 
that tbofe Propofitions^ which admit of or 
require Mathematical Demonftratipny are 
here put into Italics, and may be found fo 
demonjirated in /^^ Philofbphia Britannica, 
a Second Edition of which has been lately pub^ 
lijhed in Three Volumes OSlavo, 
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A Plaih and FamUiaf 

INTRODUCTION 

TO THE 

bjewtoniah Experimental PJiilofophy. 

> n ; ^ ■ n . ■ • ■ ■ ' I ■■■< . 

Section L 

p H r s I c s, 

Cantaining a Defer iption offucb iNSTRir^i . 
MENTs, Preparations, ^WExpERi-* 
MENTS as explain and illujirate thi 
Powers (f Attraction and Re- 
pulsion; />6^ Properties of natural 
Bodies, /i6^ Principles ^Mechanic 
Arts> Chemical Operation's, Nature 
t>f Meteors, DoSlrine of Vegeta- 
tion, Magnetism, &c. 

THE Defign of this Courfe of 
Experimental Philosophy is 
to exhibit, in a. very natural 
and eafy Manner, the principal 
and moft important Pi6^//d?;^^;/^ 
or Appearances of natural Bodies; to ac- 
count for their Caufes and EffeSls on plain 

B and 
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a A Plain and Pamiliar IntroduStion 

and evident Principles, and to prove and 
illuftrate the fame by a great variety of 
curious and new-contrived Inftruments and 
Experiments; fo as to render the Whole 
not only the* moft rational and inJlruBive, 
but alfo the moft pleafant and fatisfaSiory 
Entertainment. 

2. The Subjed of the prefent Ledure 
are thofe Powers of Nature which may be 
juftly efteemed xhQ fundamental Principles 

of all natural PhUofophy ; to fhew the 
iReality of their Exiftence, their feve- 
ral Properties and wonderful EfFeds, and 
to apply the fame towards fettling a juft 
Theory of Chemiftry, the Animal Oeconomyy 
Vegetation J the Nature of Meteors % toge- 
ther with the principal Properties of the 
Magnety and its Ufe in Navigation. 

3. This Power aiFeds all the Particles of 
Matter, and a<fts upon them in a tvyo-fold 
Manner, viz. i . By caufing them to accede 
tOy or approach each others and becaufe in this . 
Refpedt they feem to draw each other mu^ 
tudlfyy it is called the Power of AttraSiion. 
2. By caufing thofe Particles, infomeCir- 
cumftances, to recede, or fy from each other, 
it is c^tdRepul/ion, or 2i centrifugal Force. 

4. But this Power is in itfelf one and the 
famey and only ads in this different Manner 

in different Dijiances between the Par- 

'^* '' tides. Thus a Piece of Iron^ touched 

with the Magnet, held near one End of a 

Magnetic 



Digitized by VjOOQIC 



t6 the Newtonian PhilosophV J . 

Magnetic Needle, vnSiattradUti but applied 
to the otherEnd, it will repel it. So the fmall 
Particles of Matter being tiearly in Cbntad:^ 
Itrongly attraSi each other, and cohere toge- 
ther ; but being feparated by the Adtion of 
Heat, or otherwile, they repel and fly from 
each other, as is evident by many Experi- 
rnents. 

5. Now to {hew that the Repulfion of one 
End of the Needle is not a Confequence of 
Attraftion in the other, as fbme pre- ^, 
tend, I take a Needle, one half Brafs '*' ** 
and the other Iron, and the fame End is re- 
pelled in this a s in the common Needle, which 
Experiment plainly fhews this Repulfioil is 
real zndipojitive between the two Bodies. 

6. And further, it appears by Experi- 
ment, that the fame End of the Needle^ 
which is repelled in one Dijiance is attraSied 
in another nearer Dijiance. And hence it 
follows, that there is a certain near Diftance 
in which the Particles of Matter attract each 
other; and which is therefore called the 
Sphere ofAttraSiion ; beyond which the faid 
Power ^&shyRepul/ion; and fo where -^//f*^2^-* 
tion ends there a repulfive Power cdmmences. 

7: This attraaing Power may be con- 
fidered as afFefting immediately the original 
Particles of Matter, and by that meails cauf-* 
ingthemto adhere or cohere firmly together^ 
and fo qualifying them to form larger Portions 
of Matter, or Bodies of different Degrees of 

B 2 Con« 
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4 A Plain and Familiar Introdu£iton 

Confift^nce, and hence it is ufually called 
the Attraction or Power of Cobejion. 

8. But when we confider this Power in 
the large Parts or Portions of Matter, as 
the aggregate or united Force of all the 
^ttradling Forces of the component original 
Particles, it is then called the Power ofGra-" 
vitationy as in the Sun, the Earth, and other 
planetary Indies of the mundane Syftem. 
Becaufe any finall Bodies near the Surfaces 
of thofe larger ones, are ftrongly attraSied 
towards their Centers i which 'Tendency 
thereto is in thofe leffer Bodies called' their 
Weight CM" Gravity. 

9. This Power ofCohefion is direftly de- 
y. mpnftrated by the Experiment of two 

*^' ^* leaden Balls or Bullets, having their 
Surfaces made very plain and fmoodi, and - 
gently preiTed together, do cohere fo very 
faft and firmly, as to require the Weight of 
many Pounds to feparate them. Particularly 
two of a larger Sort are fhewn by the Steel-^ 
yard to require not lefs (fometimes) than two 
hundred and fifty Pounds Weight to pull 
them afunder, which fhews plainly the pro- 
digious Force by which they adhered toge- 
ther, efpecially if it be confidered that the 
whole x4rea of their Contad: or Surface, by 
which they touched, does not exceed a 
twentieth Part of a fquare Inch. Hence no 
Part of this Cohefive Force can be imputed 

to 
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/(^/i6^ Newtonian Philosophy. ^ 

to the Prejfure of the Air^ which will be 
hereafter fhewn to be but fifteen Pounds . 
Upon a whole fquare Inch. 

10. But to reduce to a Calculation this 
wonderful Power of Nature, by an Expe- 
riment, I take a Piece of Brafs Wire, yj 
of an Inch in Diameter, and applying it to 
the Steel-yard, there is required fixty Pounds 
to pull it afunder ^ from whence, and the 
given Area of the Wire, it -will be found 
that the Force of Cohefion in the Surface 
of a whole fquare Inch of fuch Brafs will 
be at leaft equal to feventy-fix thoufand 
four hundred Pounds, or thirty-five Tons 
Weight nearly. 

1 1. That this Power adts only on ContaSi 
of the Particles, or at DiUzncQ indefnitefy 

fmalU is evident from many Experiments, 
particularly thofe oi "Trituration^ or reducing 
Bodies to Powder -y for by this Mearis fepa- 
rating the-Particles, they lofe their Cohe- 
fion inftantly ; thus all Sorts of Grain are 
reduced to fine Flour ; and the hard fixed 
Body of Glafs is by this means reducible to 
z fluid impalpable Powder. 

12. Again, this is further evident by Ex- 
periments of a contrary Kind, viz. by re- 
compounding and uniting the fractured Parts 
of Bodies by thelnterpofition of fome Kinds 
of Matter, which fhall fill up the Pores of 
the Powder, and bind them by this attract- 
ing Power into confiftent and folid mafles 

B 3 again. 
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^ain. Thus Water uifiites the Parts of 
Flour into Dough and Bread, and the loofe 
dufty Earth into hard Clods and Britis. 

1 3. This leads us to confider the Nature 
of Cement in general, which in every Kind 
affords moft wonderful Inft^nces of this fur- 
prifing Power, It is well known, that ia* 
all hard Bodies, whofe Parts cannot be 
brought to touch each other intimately by 
PrefTure (,as in the leaden Balls) the Inter- 
pofitipn pf fome other Body or Matter is 
neceflary to caufe an Adhefion between 
them ; and this interpofed Matter, which 
thus binds the Bodies together, is called ^ 
Cement y or, in the metallic Kind, Solder. ^ 

i±. Henqe it is that all poliflied Planes, as 
Glais, Marble, Brafs, 6ec, are piade to ad- 
here together, by only wetting their Sur-^ 
faces with Water ; but this Cphefion will 
be much ftronger if Oil be'ufed inftead of 
Water ; and ftronger yet with Suet or Tal^ 
iow. In all thefe Cafes, if the Planes be 
heated fo that the Oil or Tallow mzyjreely 
enter the Pores, and thereby more intimately 
unite with them, the Cohefion will (with 
Tallow) he fo very great, that in two Planes, 
whofe Surfaces are but onefquare Incby there 
is required two hundred Pounds to fe- 
parate them in very cold Weather, as is 
{hewn by Experiment. So wonderfully 
great;is this Power in lefs than half a Grain 
of Tallow^ 

\S^ The 
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15. The Nature of Glues is from hence 
evident alfo ; for when thofe 'vifcid Sub- 
fiances are liquified by Heat, they enter 
the Pores of Wood> ^c. and two fuch 
Pieces being applied together, and the hu- 
mid Part of the Glue evaporated, they are 
by the /Remainder attracted, and made to 
adhere very firmly. 

16. Thus alfo, if IJinglafs dijfohed in 
Brandy (which makes the ftrongeft Glue) 
be poured on the Surface of any Medal, and 
left to dry on it, there will be formed a 
moft curious Laminuy containing the mod 
ferfeB ImpreJJion of the Medah, in itfelf 
tranfparent ; but may be covered with Gold 
or Silver, as fhewn in the Experiment. 

17. The Method oi foliating Glafs pro- 
ceeds on the fame Principle; for Quickfilver 
poured on Leafl'in^ will intimately unite 
therewith, and make a fluid Surface; upon 
which, if a Piece of clean Glafs belaid, the 
Mercury will alfo enter its Pores, and thus 
unite or cement the Tin to the Glafs y and fb 
convert it into a very ufeful Speculum or 
Looking" glafs y as is {hewn by Experiment. 

18* In metalline Bodies y that are to cohere 
by Solder^ it is neceflary that the Parts to 
be foldered (hould firft be well-cleanfed, 
that when the Metals are heated, and the 
Solder melted, it may in that fluid State 
run freely into the Pores on eaqh Surface, and 
thereby take the more firm hold of them, 

B 4 and 
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and when hardened with Cold, may bind 
them with a prodigious Force together. To 
illuftrate this by Experiment, I take a Piec^ 
of Brafs well cleanfed, and putting a few 
Grains of Mercury upon it, rub it all over 
the Surface with a Piece of Cork, which 
will thereby become filvered throughout \ 
and two fuch Pieces put together by their 
filvered Surfaces will cohere 5 ^nd could the 
Quickfilver be in this Cafe fixed as melte4 
Metals are by Cold, this would prove a Sol^ 
' der like any, of them ; and thereforey^^/^^A;- 
flain the Rationale of this Procefs. 

19; By many Experiments it appears there 
is betv(^een different Kinds of Bodies a dijfFe-* 
f ent Power of Attraction between their con« 
ilituent Particles. Thus, whenWaterisput 
into aGlafs, it is feen to rife all round by the 
Side, which it could jipt do if the Particles of 
the Water were not attracted more by the 
Glafs than by each other, For it jseafy toun- 
derfland if the Particles of Water next the 
Glafs were attracted on each Side, or every 
Way equally, 7/6 <?y could not moveat ally much 
lefs could they rtfi upwards^ contrary tq 
their o'wn natural Tendency or Gravity. 

20. On the other Hand, if Mercury be 
put into a Glafs, th^ Surface of it is lower 
?11 round by the Sides than in the Middle, 
which fhew? that the Parts of Merciiry are 
more attracted by themfelves than by the 
plafs^ becaufe, were they -equally attraded 
' V by 
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by the Glafs, thd^ would be on every Side 
' tsqually attradled, and confequejitly the Siir* 
face would be every- where even or plane. 

ai. On this Principle it is e^fy to account 
for the Rifing of Fluids in Glafs Tubes with 
fmall Bores, called Capillary Tubes. For 
iince the Water within the Tube is folicited 
Upwards by a fuperior Attraction {Art. 19,) 
it will rife in the Bore fo far till the Weight 
of the Cylinder thus raifed is equal to the Ex^ 
cefs of 'the attraBing Force ^ and then there 
it will ftand continually. This is ^11 eyi-; 
(Jent by Experiment. 

22. Sipce this Power aBs only upon Con^ 
ta£I {Art^ 1 1 .) the Water can be aflfe<fted 
pnly by thofe Particles of the Glafs that are 
conjj^guous to them above the Surface, and 
therefore only by a Circle of Particles equaj 
to the Circumference of the Bore of the 
Tube ; and therefore, fince all EfFeds are 
proportional to their Caufes, the ^antities 
cf Water raifed in Tubes of different Bores: 
piuf neceffarily be in Proportion to the Cir-r 
fumferencesy * or to the Diameters of thofe 
Tubes. 

23. Hence if the Diameters of the ^, 
Bores of two Tubes, A and B, be as *^* ** 
2 to I, the Quantity of Water raifed in A 
will be twice as great as that raifed in the 
Tube B ; but the Height of that in B will 
be double the Height of the Fluid in A j; 
tecauie the Quantity of the Fluid in A, is 

tp 



Digitized by LjOOQIC 



10 A Plain and Familiar IfitroduSiion 
to that in B, of the fame Uteight as four to- 
one ( * being as the Sijua^es of their Diame-^ 
ters) therefore half the Quantity in the 
Tube B muft have double the Height of that 
in A ; and hence univerfally, the Heights 
to which Fluids will rife in capillary l!ubesj 
will be always greater in proportion as the 
Diameters of the ^ubes are lefs. 

24. And as the Water rifes in thefe Tubes, 
fo Mercury will ftand in them below the . 
common Level of that without; and thefe 
Deficiencies wUl be greater, as the Diame- 
ters of the Tubes are fmaller, for the Rea- 
fons before-mentioned (in Art. 20.) which 
is alfo evident by Experiment. 

25. From hence alfo we fee the Reafon 
why all Fluids rife fo readily into Sponge, 
Sugar, Sand, &c. to very greatHeights; be- 
caufe there is a much greater ForceofAttrac- 
tioa between the Particles of thefe Bodies, • 
and thofe of the Fluids, than there is be- 
tween the Parts of the Fluids themfelves. 

26. Hence alfo we have th.^ Reafon 
of the Operation of the capillary Siphon 
CD, which raifes Water thro* one Part by 
Attradion, an^ carries it over the bended 
Part into the longer Leg, where it defcends 
by its Weight and drops outt 

^7 . This accounts for the Nature and 

*^* ^* ASiion of the FiltreAB, the mofl fim- 

pie of all the chemical Inflruments. For 

^5 this is made by fmall Pieces of Li^en or 

7 Woollen 
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Woollen Clothy Tarn, T&read, &c. the feve-^ 
ral Filaments attradt the Fluid in the fame 
Manner as the capillary Siphon, and carry 
off the Fluid Drop by Drop. 

28, And indeed all the more conjiderable 
Operations ofChemiftry are explicable upon 
this moft umple Principle. Thus in the 
Solution of Bodies in various Fluids or Men-- 

Jlruums, nothing is required more than a 
greater attrafting Force between the Parti- 
cles pf the Fluid and the Solid, than there 
is between the Particles of the Solid them- 
felves i and therefore, when the folid Body 
is immerfed i;i the Fluid Menftruum, thofe 
Parts which are in immediate Cgntad: with 
the Fluid, muft necefTarily Jofe their own 
Cohefion, and be feparately attached to the 
Particles of the Fluid; and fince this will be 
the Cafe continually, till every Particle . 
of the Men/iruum has attracted and '^* ^' 
united to itfelf fo many pf the Solid as it can 
fuftain, the Solid will by this Means conti- 
nue to be diiTolved for fome time, viz. till 
the whole Medium is faturated therewith, 
and then the Solution ceafes. All which is 
manifeft by Experinients of any metalline 
Bodies, Mercury, Chalk, &c. put into Aqua 
Fortis, Spirit of Nitre, Vinegar, &c, 

29. In Solutions of this Kind, feveral 
Things offer themfelves very well deferving 
pur Notice. As that moji, if not all, hard 
(ind fixed Bodies are by this means reducible 
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to a State of Fluidity. That the heaviejl Bo-^ 
dies, as Gold, Mercury, &c. are hereby fuf- 
fended in Fluids many Timts lighter than 
themjehes. ^hat the moji opake Bodies, as 
Mercury, &c. may, by having their Farts ^ 
thus^ attenuated, be rendered mojl tranfparent 
and pellucid, &c. &c. &c, 

30. In this Procefs of Nature we may ob- 
ferve, the Aftion between the Fluid and fo- 
lid Body is much more intenfe and violent in 
fame Cafes than in others ; thus Aqua Fortis 
attrafts the Particles of Brafs much more 
jftrongly than thofe of Lead or Hin ; and the 
Parts of Iron, with much greater Violence 
than thofe of Brafs ; and in Proportion as 
this inteftine Adlion of the Parts is greater, 
there will be produced a greater Degree of 
Heat in the Solution, attended with ^ftrong 
Ebullition; and upon a Mixture of fome ejen- 
tial Oils, this Commotion of the Parts will 
be fo fudden and violent, as inftantly to caufe 
a real Accenjion, or pureFlame to rife; which ♦ 
fully confirms Sir/* Newton % Dodirine, that 
all Degrees of Warmth, Heat, Fire, and Flame, 
are folely produced by various Degrees of the 
intejiine violent Motion of the Parts of Bodies ^ 

31, If the ^Menjiruum bo placed in a 
Sand-Heat, its Adion will be rendered much 
ftronger, and it will diflblve much more of 
the Metal ; and then if it be taken off, and 
jfet by to cool, it will, as it grows colder^^ 
have its attracting Power leflened, and will 

let 
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let go a Part of the diffolved Metal, which, 
as it precipitates, will be feen to form thin 
cry ft al Flakes^ and fall in the Form of Snow 
to the Bottom ; as will be very evident in 
fuch a Solution of Silver. 

32. In general if Water ^ Salt, or 
fome other Body be put into a metalline '^' 

Solution, it will be thereby weakened, and 
the metallic Parts, being attrafted and united 
to thofe of the Salt, ^c. can be no longer 
fufpended, but will fall to the Bottom ia 
,form of »a fine impalpable Powder; which, 
when the Fluid is poured off, and is dry, 
becomes a proper Subject iov fhering. 

33. Thus fuch a Powder obtained from a 
Solution of Silver is made ufe of by various 
Artificers ior filvering of Bra fsj Copper, &cc. . . 
And thus a Gold Powder may be obtained by 

a Solution of that Metal in Aqua Regia, or 
AquaFortis in which Salt had been diffolved. 
In order to perform this Operation with Sue- 
cefs, the Parts of the Metal to be filvered 
muft be well cleanfed, and the Powder 
mixed with Salt of Tartar, and rubbed on 
with a Cork dipped in Water, after which it 
muft bepolilhed and varniftied. (See^r/.. 18.) 

34. Thefe are fome of the many Inftances 
that might be produced to (hew howintirely 
moft of the Operations of Chemistry de- 
pend on this Principle of Attrad:ion, and can ^ 
be accounted for moft naturally by it. But 
many Proceffes of natural and artificial Che-- 

mijiry. 
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mijiryy are found to refult from that other 
iPart of this wonderful Power which afts by 
Repulfion : For as it was neceffary that the 
Particles of Matter fliould, in fome Cafes, 
attraSi and adhere to each other*, fo, in other 
Cafes, it is as neceffary they ftiould repel and 
jlyfrom each other ; that they m^y by this 
Means be qualified to produce all the dif- 
ferent Kinds of elajlic Bodies, and their va- 
rious and furprifing EfFe(3:s in all the Scenes 
of Nature. 

' 35. Thus the A I R is produced by the Ac-- 
tion of Heat (proceeding from- the Particles 
of Light] in all Bodies which feparate their 
Parts (on the Surface) beyond each other s^ 
Sphere of AttraSlion ; and which then begin 
to repel each other, and fo an imperceptible 
Effluvium of aerial Particles is generated 
from all Bodies, having a centrifugal Force 
between them, in which the Springinefs or 
Elajiicity of the Air does wholly confift ; 
but of this I fhall fay more in the Pneumatic 
„. ^ LeSlure, and illuftrate this Operation 
by Experiment. 
36. Alfo by the AdtionofHeat (from, 
the Fire, Sun, &c.) the Particles of Water 
being on the Surface feparated, immediately 
repel each other with a Force fomewhat 
greater than that in Air; whence thefe aque- 
' ous Particles will have larger Interftices, and 
muft therefore be lefs denfe than Air, ancj 
fp have a \d%fpecijic Gravity; Thefe aque- 
ous 
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ous Particles therefore muft rife from humid 
Bodies into the Air in the Form of Vapour, 
till they arrive to that Part of the Air whofe 
fpecific Gravity ijs the fame with their own ^ 
and there they will float about in thofe large 
Colledions we ufually call Clouds. 

37. As the Gravity of the Air is greater 
or lefTcr, the Clouds will be higher or lower; 
and when the Air fuddenly becomes lighter, 
.the Clouds or Vapours are precipitated; and in 
their hafty Defcent are condenfed; and, co- 
alefcingintolargerPortions_,arerender'dhea- 
vier than the Air, and of courfe fall thro' it in 
iDrops, and thereby make Showers of Rain. 

38. There is always a requifite Degree of 
Heat in many Bodies to keep them in a 
fluid State ; and the Caufe of this Warmth 
or Heat {viz. the inteftinc Motion of the 
Parts, See Art. 30.) being fubjedt to a Di- 
minution by the Mixture of fome Sorts of 
Matter, particularly Salt, it happens that 
"when the Nitrous Salts (which have this 
Power in the greateft Degree) are copioufly 
mixed with thefe Vapours in the Air, they 
lofe their Fluidity, and become congealed 
into Sleet, Snow, HaiU &c. according to its 
IclTer or greater Proportion in the Mixture, 

39. The Earth affords alfo a large Exha- 
lation of Sulphur^ which when it becomes 
mixed with the Nitre of the Air, and mine- 
ral Particles, which are copioufly fublimed 
from Mines and metallic Bodies, there will 
TCnfue a Fermentation, which when it i$ fuf- 

ficiently 
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ficiently excited, will produce an AcceTi/ioH 
or eledtrical Flame, and make what we call 
Ligbtningt. In this Cafe the Spirit of th^ 
l^itre is greatly rarefied, and, if entangled 
and confin'd in the Body of the Cloud, ex- 
pands itfelf withfuch great Violence andlm* 
petuofity, as to make ihzt prodigious Explt^fion 
we call Thunder. AIL which is very evident 
by the common Experiment oi firing Gun--^ 
powder, and by many Experiments in Elec- 
tricity. 

40. From hence alfo we fee the Reafoa 
of thofe chemical Procefles we call Dtfiil/a^ 
tion^ Sublimation^ &c. which are nothing 
more than a Fluid or Solid Body, having ita 
Parts by the Aftion of Fire feparated beyond 
their Sphere of Attra6lion,and by that Means 
put into a repelling State, in which they rife 
from the Subjed in the From of a Steam, 
and are by the Recipient condenfed again 
into a Liquor, or collected into a Body o£ 
fine impalpable Powder, called Flowers^ Sub^ . 
limate, &c. 

^j 41 . From what has been premifed^ 

'^\ ^' we may eafily deduce the Caufe or Rea^ 
fon of all the various Degrees oiHardnefs and 
Softnefs, Fixity znd Fluidity in natural Bodies* 
For fince this Power is proportional to the 
Quantityof Matter, and afts in thofe Par tides 
only that are in contad:, or nearly fo, it follows 
that the greater the Number of Particles of 
Quantity of touching Surfaces is, thegreatef 
will betheCohefion; and therefore thofe Par* 

ticks 
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tides whofe Surfaces are large and plane, and 
their Figure fuch as will admit of the great-* 

, eft Congruity orQijantity of Contadt, muft 
necefiarily conjiitute the mojl hard and con^ 

Jijlent Bodies. 

42. But if theFigure of the Particles 
is very irregular, by which Means 
they touch, partly by their plain Surfaces 
and partly by their angular Points, or in fome 
fuch like Manner, then the Degree of Co^ 
hefion between them muft be lefs, and they 
will be liable to be moved among them- 
lelves, and will therefore conjiitute the more 

Joft and yielding Subjiances or Bodies. 

43. Laftly, If the conftituent Par- j.. 
tides be of 2ifpherical Figure y they will 
touch each other in Jingle Points only 5 the 
Cohefion therefore between them will be 
theleaft pdflible; and they will be put intd 
Motion with the leaft Force, and fo con-* 
Jiitute the moft voluble orjluid Body. 

44. We now proceed to account for ^. ^ 
the Nature^ anq ejiablijh the Theory of 
I^e^etation in all Kinds of Plants y and here 
wc find, by examining their Structure with 
proper Glafles, that llie lignous Subftancc 
of Plants and Trees is nothing more than 
a Congeries or AJfemblage of an infinite Numr- 
ber of capillary Tubes y all conneSted or bound 
together by tranfverfe Ligaments or Bands. 
Thefe are (hewn in a Preparation as here 
reprefentcd ;i> the Figure* 

C 45.1^ 
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4(;. If either the Root or Stem of a Plant 
. be cut tranfverfely with a very fharp Knife^ 
the Orifices of thefe Veffels, or vegetable 
TCttbesy will appear innumerable over all the 
Surface^ and if an extreme thin Slice betaken 
oiF, and held up againft the Light, it will 
appear al moft tranfparen t, by reafon of 
^'^* '^* fuch a Multiplicity of Holes or Pores, 
fomewhat like what you fee in the Figure. 

46. The Veffels or Tubes appear in the 
Solar Microfcope^to be of two Sorts, viz. 
one, which are |arge, deftined for the Paf- 
fage or Circulation of ^/r thro' the Body of 
the Plant, and are therefore called v4/r-^^ 

fels 'y and thefe are they which appear fo 
plainly and numerous to the naked Eye in 
thofe Pieces of the Convolvulus {ovBithwind) 
which I fhew in the Ledlure. 

47. For as to iht/econd Sorf, they are fa 
exceeding fmall as not to be diftindly feen 
with the Eye alone, nor fufficiently mag- 
nified by any other Inftrument than the 
Micro/cope. Thefe are fitted on this Ac- 
count to attradt the Moiftiire or nutritions? 
Juices of the Earth, by means of the Roots 
thro' which they are continued iti innume- 
rably and minute Ramifications. 

48. That the larger Veffels contain and 
^^ ^ circulate the Air is beyond Difpute 

made evident by many curious Experi- 
ments on the Air-pump ; and thatthefmaller 
Sort have an attrnSiihg Power (the fame as 
3 the 
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the afore-mentipned Capillary Tubes •in 
Glafs, Art. 21.)* For hy a liew Experiment 
we fhew that a vegetable Siphon AB attrads 
and draws the Water out of the Glafs in the 
fame Manner as the Glafs capillary Siphon 
did {Art. n6*). And this affords an ocular 
I>emonJlration of the Force there is iii Plants 
to draw up their nutritious' Juices from the 
iEarth. And as the Height to which it 
muft rife in Trees is very great, it was ne-^ 
ceifary that the Veffels ihould be exceeding 
fmall for that Purpofe^ as is evident from 
jirt. 23. 

49* That the aS^^. rifes by means of 
thefe Tubes, thro' all the Body of the ^'^' '^; 
Tree (and not between the Bark and the 
Wood as is ufually fuppofed)^is evident 
from the following Experiment. A F is st 
Part of a Bough with the Bark taken off all 
round in two Places BC and DE, and from 
theintermediatePartCD there growsaTwig 
G,whofeLeaveswill grow and flouriftiallth^ 
Seafon of Vegetation, as wellto Appearance 
as any of the reft oA the Tree, as will alfo 
all the Leaves on the Twigs beyond the Part 
A. From whence it follows, that all the 
Nourifliment of thefe Leaves muft be de- 
rived from the Sap which is carried to them 
by the Tubes which go off from the Body of 
the Bough thro' the Stem of the Twig G, 
fince the Wood where the Decortications are 
made is perfedly dry all the Time. 

C a * 56. AgaiDL 
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50. Again it appears by. this Experimenfy 
that after the Tree is fupplied by this means 
with Sap idx Vegetation J and the Leaves have 
attained their /^^/Z Growth^ that Part of the 
Sap returns from the extreme Parts between 
the Bark and the Wood> becaufe we fee the 
upper Parts of the Incifions of the Bark at B 
and D become fwoUen, protuberant, and cal* 
lous to a great Degree \ whereas the lower 
Parts at C and E fhrink in, and look dead ; 
which plainly argues the Sap is obflrudted in 
its Return or Defcent at B and D, and there 
lodging, fvvells out the Lips of the Incifion, 
while none coming to the Parts C, E, they 
become emaciated and withered. 

5 1 . Again, this returning Sap fecms ne- 
ceffary for the Support of the Leaves after 
they have arrived to their full Growth, for 
tho' the Leaves on the Twig G vegetate and 
grow equally with the reft, yet they de- 
cline, ficken, grow pallid, and die away 
fome time before the reft on the other Parts 
♦of the fame Bough and Tree. And eveil 
thofe on the Bough> beyond the Decortica- 
tion B C, will not continue their- Verdure 
and healthful State fo long as the other 
Leaves of the Tree. ^ 

52. But to put this Matter beyond all 
Doubt, I tried the following Experi- 
ment. I feparated with-.a Knife the 
Jwo Twigs C and E from the Body of a 
Bough A G, and kept them fo by a finall 
^ . Wedge 
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Wedge under each ; then at B, juft above 
and over the Part D, I cut away the Bark to 
prevent any Sap from returning to the Twig 
C from above, and as none could come to 
it from the Body of the Bough, being fe- 
parated from it, the Confequence was, that 
the Twig and its Leaves immediately died 
and withered away; whereas thofe on the 
Twig E, being fupplied with the defcend- 
ing Sap, continued their Verdure equally 
with the reft on the Tree till the Fall. 

53. Thefe vegetable Duds or Tubes we 
have been fpeaking of, and of vi^hich the 
lignoiis Part of the Plant is rnade, are de- 
tached from the Boughs in fmall Portions 
thro' the. Foot-Stalk or Tail of the Leaf, 
under proper Integuments, to be diftributed 
thro' all the Body of the Leaf, where they 
perfpire or throw off all the fuperfluous Part 
of the Sap. Thefe tubular Fibres j as they 
are contained in the Tail of the Leaf, pre- 
pared, diffolved, and expanded, you fee re- 
prefented in Fig. 17. 

54. The beautiful and wond'roufly fine 
Ramifications of thefe Vefifels thro' the Leaf 
itfelf you fee in Fig. 18 and 19, where you 
obferve moreover that each Leaf is a 
Duplicature of thefe Veflels, orconfifts^.. 

of two Syjiems or Layers of Fibres^ one 
of which is very fine, as jF/^. 18, and the 
other much coarfer, JP/^. 19. Thefe anfwer 
to the Syjiem of Arteries and Veins in an 

C 3 animal 
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animal Body, And into thefe two Pairts, 
jnany Leaves (as thofe oi Holly f Apple-trees, 
&c.) do naturally refolve themfelves in their 
Preparation in Water, of which thQ twQ 
prefent Figures are an Inftance. 

55. rfhall only further obferve, that this 
extreme Ramification of the Veflels in a 
plant is every Way analogous, or alike to that 
in animal Arteries and Veins^ as I fliew by a 
Specimen of thefe latter injeSled^ compare^ 
with the Leaves anatomized. There is alfo 
a further Similitude in the Cgntexture of thefe 
organized Bodies, which J alfo illuftrate by 
proper Specimens and Preparations in each. 

56. Indeed there is this Difference in the 
Oeconomy of Nature in aniipal and vege- 
table Bodies i that in the former Ih? make§ 
ufe of the mufcular Force of the Heart for 
the Pulfon, Protrufipn, and Circulation of 
the iPluids and Juices by which the Body is 
nourifhed; whereas this in the latter is ef-f 
feiled principally by the capillary AttraSiion^ 
in the Manner as above explained, * 

57. In the laft Place with refpedt to Plants 
I fliew by Preparations of Bark and Wood^ 
that the Plant or Tree does each Yqar in- 
creafe by the Addition of a lignous cylindric 
Shelly which firmly adheres to the former, 
and which is yearly derived fronl the interior 
Barky which contains them in almoft infi^ 
nitely thin Lamina; one of which from. 
Year to Year has itsVeilels ex:panded hy the 

Sap, 
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Sap, and grows by Degrees i^ito a thick 
woody Subftance, cofififting 6i Sap and Air- 
veffels j and by a Kind of vegetable Articu- 
lation it is ji^ataraliy fitted into, and uni^tes 
with the Wood of the preceding Year. 

58, Haying thus fufficientlyilluftrated the 
Nature and Ufe of this univerfal Power of 
AttraBion and Repulfion^ I fliall in the next 
Place juft give an Inftance of, the Nature 
a#d Ufe of anpther Power of Attraction and 
RepuJfioH:, which is ofasjingular a Kind^ as 
it is formed to afFed: only two Sorts of Mat- 
ter, vi%. the Load-Jione and Iron-, but it pof- 
fefles the former in a moft eminent Degree. 

59. This Virtue is emitted from two Parts 
of the Stone or Magnet .in a very fine imper- 
ceptible Effluvium; and if Pieces of Iron 
be 'properly placed over thofe two Parts, it 
win be as it were attracted, accumulated 
and copdenfed in thejxon, and from thence 
will be emitted or communicated with 
rnuch greater Force ajid Intenfity than from 
die Stone i^felf. 

60. The Criterions or Marks of a good 
Magnet are Bkcknefs^ Hardnefsy and Hea- 
vinefs. It attrafts and repels Iron, but touches 
no other Sort qf Matter ; the fame End of 
a fufpended Needle which is attraded by 
one End of the Stone, is repelled by the 
other. It may be communicated from the 
Stone to Iron, which if formed into aNeedle, 
and fuipended on a fine Point, will turn into 

C 4 a Pofi- 
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^ Pofition towards the North and Soutb^ 
l^nd there it will ftand at Reft, 

6i. The Angle ACN, which the mag^ 
netic Needle A B makes with the meridian 
Line N S, is called the Variation of the 
Needle i and this being the fame in any one 
Place for a long time, or known by Obfer- 
vatipn for any particular Place and TimCji 
renders it of the greateft Service in Naviga-. 
tion : Becaufe it gives you the Angle ACF 
which die Ship's Courfe D F makes with 
the Needle A]^; and therefore the Angle 
NCF^ which it makes with the Meridian 
NS ; whence, by allowing for Lee- way, the 
Mariners are able with great Certainty and 
Exadnefs to compute every Thing relating 
to the Departure^ Difference of Longitude^ 
Difference of Latitude y Dijlance failed^ &c. 

6a, The magnetic Needle is alfo very ufe- 
ful in conducing Travellers thro' unknown 
Countries and Roads by Land, by prefent- 
ing to their Views at all Times the Bearing 
or Point of the Cpmpafs on which the Placq 
they are going to lies. It is likewife very 
ufeful to fhew the Hour of the Day when- 
ever the Sun fliines, in thpfe called Compafs 
Dials. Alfo by knowing the Hour of the 
Day, you find the true Declination of the 
Needle for any Place. AH which, and^ 
many other Particulars, are illuftrated and 
exemplified in the Led:ure, by Magnets both, 
natural a7id artificiaL 

63, li 
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63. If a few Steel-filings be lifted 
finely over aSheet of j&ne Paper, and the ''* *^' 
Magnet placed in the Midft of them, it will 
be very pleafant to obferve how all the Steel 
Particles are afF^ded with the Virtue iffuing 
from each Pole of the Stone, by which they 
are moved into Curve-lined Diredtions, and 
circular Pofitions between the Poles, very 
?nuch like what you fee reprefented vaFig. 
%\. From whence we learn that there is a 
Kind of Circulation of thisVirtue from one 
Pole or Part of the Stone to another. Dr. 
Halley fuppofes, with a great deal of Reafon, 
that there is a large central Magnet in the 
Body of the Earth, and that it is moveable 
in the Earth like the Kernel of a Nut in the 
Shell, which by that means caufes all the 
Variety of the Declination of the Needle, 
tod alfo its dipping below the Horizon . 
of a Place. He alfo fuppofes the exter- '^' ^* 
ii^l Shell of the Earth to be magnetical i and 
which, not having a fimilar Motion and 
Pofition with the Nucleus or internal Mag- 
net, occafions all the Irregularity in Ae 
Variations of Mption of the Needle. 
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8 Jt C T I O N il, 

iThe Nature , of hiGKT explained, the Lanvs 
(p/^ RzFLECTioK and Refraction of 
Light, the Nature tf;^^ EfFefts g/'MiR- 
RouRS /zW Lenses, the Prifmatic Co- 
^ LOURS p/* Light, the Nature of Vision 
by 4^ Natural ^;7^ Artificial Eye^ of the 
Common Microscope, the Solar Mi^ 

. cRoscoPE, 2^ Refrafting ^»^Refled:ing 
Telescopes, of Camera Experimeij.£s 
^;7^ Inftruments. . 

I. 'nr^HE Subjeft'of this Seftionis the 
J[ Doftrine of i/^i6/. Colours, Ft- 
fton^ and optical Injlruments. 

2. Light confifts of the moft fubtle or 
finalleft Parts of Matter, and is appointed 
by Nature the material Caufe of yijion or 
Sight. Its luminous ^ality depends upon 
the Minutenefs of the Parts, and the great 
Velocity of their Motion. For as the Par- 
ticles of Light are the fmalleft of all others, 
fo they move with the greateft Swiftnefs ; 
for by Experiment it hath been found that 

it 
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it moves at the Rate of Ten Millions of 
Miles in a Minute. 

3. This Kind of luciiic Matter was at firft 
all colle<Sbedinto a Body of an enormous Sizc^ 
to ferve as a Magazine or general Receptacle 
x)f Light; this we call the Sun, from which 
the Light is conftantly difpenfed thro' every 
Part of the Syftem, to anfwer all the Pur- 
po{c$o£ Light y yi^on, natural Heat J Vegeta- 
tionj &c. in the feveral planetary Worlds. 

4, Thefe Particles of Light emitted from 
the Sun, and falling upon the Surface of 
bodies, are in Part renewed from the Surface, 
and in Part imbibed into or refra<^ed thro* 
theSubftance of the Body. Thus letpj^^^jj^ 
A B be the Surface of a plaiij Mirrour^ ^»8- »•- 

P C the Ray of Light falling thereon at C, \ 
and let C E be perpendicular to the faid 
^ Surface ; then will the Kay T> C be fo re- 
JkBed into the *Ray C F, as to make the Angle 
of Incidence D C E equal to the Angle ofRe-- 
jkBion E C F, as is veiy evident by Expe- . 
rimentjn the Camera Obfcura. 

J. That Part of the Beam which enters 
theSubftance of Bodies, puts their Parts into 
Motion^, and according as it is imbibed and 
detained in a greater or leffer Degree, it ac- 
tuates the Parts of thofe Bodies more or lefs, 
and produces in them fuch Degrees of Mo- 
tion, which, when it afFefts our nervous 
Syftem^ excites in our Minds the Ideas of 
Warmthy Heat, &c. by thofe of JPeeling ; 

and 
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and of Light, Flame, Coloursy &c. by thofc 
appointed for Vijion. . 

6. When the Parts of Bodies and alfo their 
Pores are fo large as to caufe fuch irregular 
I^efleftions and Refradtions of the Light 
thro' theSubftance, that it cannot gb on, or 
be tranfmitted thro' it in right-lined Direc- 
tions, it is evident we can fee none of the in- 
ternal Parts of that Body, which is there- 
fore faid to be opake. As on the other 
Hand, that Body is tr an/parent, which 
tranfmits the Light fo regularly thro' its 
Subftance to the Eye, that all its internal 
Parts are thereby rendered vifiblc. 

7. In thefe Sorts of Bodies we determine 
the Law of Refrqciion by Experiments in 
many different Ways ; one of which, as it is 

very eafy, I (hall here explain. Let 
^'''"' ABCD be a Veffel, fet in the dark 
Room, where the Beam of the Sum E R. 
fhalljuft. touch the Top 'of the Side AD, 
and pafs on to the Point F at the Bottom, 
Then filling the Veffel with Water to the 
Brim, the Ray of Light E A will not now 
go thro' the Water to F as before, but will 
be bent into the Diredlion A G, which is 
therefore called the refraSied Ray, and the 
Angle DAG is the Angle of Refraction \ as 
D A P is that of Incidence. 

7. If on the Side A D we defcribe with 
the Radius A D the Arch of a Circle DM, 
aud from the Points H and K; where it inter- 
felts 
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CtAs the refrained and incident Rays, the 
Lines H Ij K/L be drawn perpendicular to 
AD, thefe are called the Sines of the Angles 
DAG and D A F; and are always to each 
other in the Proportion of 3 to 4 nearly in 
Watery as 2 to 3 in Glafsy and as 2 to 5 in 
Diamond. Whence it appears, that the 
greater theDd^/yof the refrading Medium, 
the greater will be its refraSiive Power , tho* 
not exadlly in the fame Proportion; but here 
we muft except Oils and Jpirituous Liquors. 

9. We (hall now apply the Doctrine of 
reJleSled Light to account for the EfFeft of 
concave and convex Mirrours. Let A B be 
a Segment of a hollow Globe of Glafs, . 
whofe Center is C, and Quickfilvered '^* ^* 
on the convex Part A B. TheRay or Right- 
line HV, thatpafles thro' the Center C, and 
falls on the middle Point or Vertex V of the 
Mirrour, is called the Axis of the Mirrour ; 
let DG be another Ray from the Sun pa- 
rallel thereto, and thro* the Point of Incidence 
G draw C E, this will be perpendicular 
to the Mirrour in G, then make the Angle 
CGF equal to the Angle C GD, and G F 
will be the reJleBed Ray ; and the Point E 
will be in the Middle between C and V, 
and is called the Solar Focus^ becaufe all 
the Sun's Rays will be there collected into 
a fmall bright Spot, and burn very intenfely ; 
all this is. evident from the Law of Reflec- 
tion ijct.-4is«' 4*. 

lO, Sup- 
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10. Suppofc any radiant or luminous Body 
Were placed near the Mirrour in the Axis at 
(d)y and let dG be a Ray of Light paffing 
from it to the Mirrour in G ; then make the 
Angle C G / eqUal to the Angle C G d^ 
and G /will be the reflected Ray, and the 
Pointy* will be nearer the Center C than the 
Point F. If the Point d coincides with the 
Point C, then the Ray will be reflefted up- 
on itfelf. If the Radiant be atj^i andjTG 
the incident Ray, then G d will be the re- 
flcAed Ray, If the Radiant be placed in 
the Focus F, the Ray F G will be refleaed 
into G D parallel to the Axis. And laftly, 
if it be placed nearer the Mirrour as at K, 
the reflefted Ray K G will be G I, proceed- 
ing from the Mirrour as if it came from the 
Point M in the Axis of the Mirrour behind 
it. All this is evident likewife from the 
fame Principle in Art. 4. 

11. Hence we may eafily infe^ every 
thing relating to the Formation tftbe Images 
ofObjeSis in a concave Mirrour ; for let A B 
y. be fuch a Mirrour^ and O B an ObjcQ: 

*^* ^^ placed beyond its Center C, Aen fincc 
the Axis C V is perpendicular thereto in the 
Vertex V, tbe Particle pf Light coming from 
the Point O, of the Ol3Je6t in the Dire<3ioft 
of the Axis, will be refleded back in the 
fame Dired:ion to its Focus at I, where diat 
Point O will be reprefented. Then from the 
other extreme Point B let a tibif |foceed 

to 
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to V, and making the Angle I V M equal to 
B V O, we have V M the refleded Ray^ 
and the Point M will be the Reprefentatioa 
rf the Point B. And hence all the Rays 
proceeding from every Part between O and 
B will be reflefted to the Line I M, and fo 
the whole Line I M will be the Reprefen- 
tation or Image of the Objedt O B. 

12. Hence it appears that the Pqfitton of 
the Image J with re^^eA to that of the Objeft, 
muft neceffarily be invert edj and on the con- 
trary Side of the Axis. Hence alfo it appears, 
fince the Obje<9: and Image afe both feen 
from the Vertex of the Mirrour under equal 
Angles BVO, and IV M, the Length of 
the ObjeB wilJ be to that of the Image as the 
Difiance of the ObjeB O V to the Dijlance of 
the Image I Y from the Mirrour. 

13. Therefore, while the Object is farther 
from the Glafs than the Center C, the Image 
will be on the fame Side, but nearer to it, 
and lefs than the ObjeB. If the Objed: 
Were placed in the Center C, the Image 
would be there formed alfo, in an inverted 
Pofition and/^^^tf/totheObjeda:: IftheOb- 
je6t be placed between the Center C and Fo- 
cus F, as at IM, then vdll OB be the Image 
formed beyond the Center, inverted and 
-magnified. If the Objeft be placed in the 
Focus F, the^Rays will be all reflefted pa- 
rallel to the Axis, and form the Image at an 
ifi0He Difiance, and infinitely Isu-ge. Laftly, 

* * iuppofe 
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fuppofe the Objed: placed any where betweeii 
the Focus F and the Vertex V, as at K^ 
*^' ^' the Image will be fornaed behind th« 
Glafs atM, in th^ fame Pojit ion as theObjeft, 
and magmfied. Thef? are the principal Pro- 
perties of concave Mirr ours ^ which are all of 
them demonftrated by Experiments. 

14. In the fame Manner I might fhew, 
that Rays of Light falling pn ^convex Mir- 
roury and refledted by the fame Law (^r/,4.) 
will all proceed diverging from the Glafs in 
fuch Manner as if they came from a Point 
behind it; fo that thefe Glafles have no real 
Focus or burning Point, they form the 
Iva^igt only behindy always ereSly and lefsthan 
the ObjeSly fo that no magnifying Power be* 
longs to this Glafs, when ufed fingly by it* 
felf . Thefe Things appear alfo by Experi- 
ments with thofe Glaffes. 

1 5. If the Rays of Light pafs thro' a Glafs 
who jfe Surfaces are plain, they cannot be re- 
fracted towards one Point or Focus j 
but if one or both the Surfaces are con- 
vex, they will be fo refraded as may be thus 
eafily fhewn : Let A B D be fuch a convex 
Glafs or Lens, CK its Axis, and let the con- 
vex Surface A B be defcribed with the Ra- 
dius M E, and the Surfac? A D with the 
Radius C O, and let FE, a Ray of Ligjit pa- 
rallel to the Axis, fall on the Lens atE, which 
as it there meets wi\i[iXh^denfeMediumo£ti\zi^ 
will be retradted out of its parallel Dire^bioa 
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E N into another E K, fo as to make the 
Sine of the Angle of Incidence MEN, to 
the Sine of the Angle of Refradion KEN, 
as 3 to 2 (as is evident from Art. 7, and 8.) 
The Ray F Eitherefore will by the firft Re- 
fraction tend to a Point I^ in the Axis. 

16. But as the Ray^ pafling thro' the Glafs 
frorlT E to O, there meets with another co7i- 
*Dex Surface y where it muft now be refradted 
into ,a rarer Medium^ or Body of Air^ 
therefore the Ray E K will now be refracted 
into another OL, fo as to make the Sine 
of the Angle of Incidence P O K to that 
of the Angle of 'Refradtion POL as 2 to 
3. The Ray FE, therefore, after Refrac- 
tion at both Surfaces, will meet the Axis 
at the Point L. 

17. If the two Surfaces AB, AD, be 
equally convex, or the Radius C O be equal 
to M E, then will the Point L coincide with 
M; ox parallel Rays y by means of fuch a 
Glafs, will be converged to a Focusy at the 
Diftance of the Radius of Convexity. Thus 
the parallel Rays A B C D falling on a ^ ^ 
double and equally convex Lens will be 

all converged to the Focus F, where they 
all crofs each other ; and from thence go di- 
verging towards G and H. 

1 8. Let AH be the Axis of a Lens p. 
P E ; then if O be any luminous Point 

in the faid Axis, the Rays which, proceed 
from it to the Lens D E will all be re- 

D framed 
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fradled or converged to a Focus in the 
^'^' '' .Point I on the other Side. And if OB 
be an Objecft, then all the Rays proceeding 
from the other Extremity B to the Lens will- 
be rcfrafted to the Point M in the right Line 
B M, paffing thro' the Center of the Lens C. 
Therefore all the Rays from every Point be- 
tween O and B in the Obje<S will be colle<fted 
refpedively into fo many Points between 1 
and M, and thereby conftitute an Image I M 
of the Objedt O B, in an invetted^FoJition. 

19. Becaufeonly parallel Rays, can be con-- 
verged fo near the Lens as its Focus F (by 
Art. 17.) therefore Objects only at an infinite 
or a very great Dijiance can have their Images 
formed in or very, near the Focus of fuch a 
Lens. If the Objedl O B approach towards 
the Lens, the Image I M will recede frooi 
it, and become bigger and bigger, till the Ob- 
jedt arrives to the Point which is double the 
focal Diftance from, the Lens, and there the 
Image toill be alfo at the fame Dijianc^ on the 
other Side, and equal to the Objedt* As the 
Objedl OB proceeds from hence towards 
the Lens, the Image I M will recede far- . 
thcr, and become bigger than the Objedl ; 
till the ObjeA arrives at the Focus of the 
Lens, and then the Image, being formed by 
f^nllel Rays, muft be at an infinite Diftance 
and infinitely large, Laftly^ if the Objecffc 
be nearer the Lens than the Focus, the Image 
will become negative, or formed on the fatne 

Side 



Digitized by LjOOQIC 



to the NeWtc!*iAn PHitosopiiY. g^ 

iSide with the ObjeBj and always bigger than 
toe ObjeSlf and in an ereSi Pofition. 

26. Thcfe are Properties of a conve$d Lens. 
As for concave ones^ they are quite the re** 
Verfe ; thus if the parallel Rays A B C D fall 
on a concave Lens, they will be re- 
fradted intaa diverging State toward G 
and H, in fuch Manner as if they came from 
a' Vqcus F on the other Side* If the 
Ltin-s be a Plano-concave^ this Point Fi or 
virtual Focus ^ will be at the Difiance of tbt 
"wBole Diametir of the Sphere of Concavity. 
if it be double and equally Concave, the 
Point F will be in the Center of Concavity k 

21. \i converging Rays G H tend to a Point 
F^ and a Concave Lens B C be fo placed to 
intercept them, that its virtual Focus fliall 
coincide with the Point F, then will thofe 
jKayS' after Refraction go parallel, to the Axis 
tf the Lens^ a« reprefented in the Figure. 

'tik Having thus accounted for the Nature 
iahdLaWs of RefradtiM, it will now beeafy 
to account for th6 Colours of Bodies by Expe- 
rinifetttsisf the Prrfm. For let A B be a p. 
Prifm> and C D a Beam of Light falling '^' ^' 
upon it in the Point D ; it will pafs thro' and 
be refraftcd oil the other Side at E, in fuqh 
Manner, that the refrafted Ray R E fhall 
make an Angle with the Perpendicular E F 
greater than me Angle H E F, which the In* 
cident Ray C H makes v^rith it, bv the Law 



of Refraction- (^r/i y,) 
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• 23. But then we fhall obferve that the 
Rays of this Beam will not be equally re- 
fradled, butfome Part will go to R, another 
Part will be morie refradted, and go to O ^ 
another Part to Y ; another *to G; other 
Parts to B and I ; and that which is moft of 
all refrafted, to V, 

24. Now iince the refraBing Power of 
the Prifm is every-where the fame, if the 
Rays or Particles of Light were all of the 
fame Size or Magnitude, they muft necefla- 
rily be all equally or alike ref rafted, viz. to 
one and the fame Plaf e. But as this is not 
the Cafe, it evidently follows, thai thefe lu- 
minous Particles are oi various different Mag-- 
nitudes ; and that thofe which are largeft, 

^nd, of courfe, jeaft fubjed to the refradring 
Power, will ^e leaji of allrefraSledy and there- 
fore? fall neareft the Perpendicular, viz. in 
the Diredlion E R. As on the other Hand 
thofe which are of the leq/i Size tnuji needs 
be moji refraBed, and will go from E to V ; 
and ^1 the intermediate Rays, according to 
their feveral Magnitudes, will fall between 
RandV. 

25. And here we are next to obferve, that 
as Nature has cdufed the Idea of Vifon in ge- 
neral to arife from the ABion of a Particle of 
Light upon the optic Nerve in the Eye, fb this 
Idea of the Form is always con neded with 
another which we call Colour, and which 
arifes from the peculiar tmd different A<9:ion 

or 
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or Force with which each particular Ray 
aiFecas the Nerve. Thus the Rays E R 
being largeft, ftrike with the greateft Force, 
and by that excite. the Idea o^.Rednef^ in the . 
Objed: which eniits it. Again, thofe which 
are lead pf all, and ftrike the Nerve with the 
leaft Force as the Rays E V, make the Idea 
of a Violet Colour ; and the Rays at O make 
an Orange Colour ; at Y a Tellow^; at G a 
^Greeny 2Ali a Blue-, at I zn Indigo y and at V 
a Violet Colour. All which Particulars ap- ' 
pear extremely plain and beautifully by the 
Prifm in a dark Room. 

a6. Hence^ fince we find by common Ex- 
perience, th^at there is in different Parts of 
Matter a different Power of AttraBion and 
Repuljion (Se(5t. I. Art. 2.) that is, in this 
Cafe,, of RefraBion. and Reflexion of Lights 
it muft follow, that thofe Bodies ivhofe Far-- 
ticks have a Power ofrefleSling or refraSling 
any one Sort of Rays alone ^ or more copioufly 
than the refty muft neceflarily appear of ^hat 
particular Colour which is caufed by thofe 
Rays. Thus Vermilion throws up all t|jy red'- 
making RaySy and imbibes the reft, and muft 
therefore appear red. Gold refledts all the 
yellow-making Raysy and fo muft appear Tel- 
low% and the fam<e may be fiiid of all the reft. 

27. If,' as in fome Cafes it happens, a 

Body refleds one Sqrt of Rays, and tranf- 

mits another, it muft neceffarily appear of 

one Colour by RefleSiiony and of another ly Re^ 

D 3 fraSiion. 
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fraBion. Thus Leaf-gold appears Yellow by 
rejleSied Lights but of a fine Azure or Blue-^ 
green by refracted Light. Alfo a Tiiid:ure 

. of Lignum Neph'riticum appears of a deep 
Blue 6y refiedled Lights but Red by the Light 
refraSted thro' it. All which is confirmed 
by Experiment. 

28. The Rays of Light are not otAyfepa- 
rated by Refraction, but alfo by RefleSlion 5 
and hence in fome Kinds of Bodies wher^ 
the Power of Refledtion is uniform, the Rays 
of Light muft,. according to their feveral 
Magnitudes, be reflected under different An- 
gles; whence the Eye placed in one Pofition 
fees theObjedt of one Colour 5 in another Pot- 
fition, of another Colour; and thus by mov- 
ing the Eye or Objedt, the fame Part flball 
appear of different Colours fuccefilvely, as is 
evidently (hewn in a Peacock*^ Feather, the 
Wings di fmall Flies, thin Bubbles of Soap 
Water, Silks, Satins, &c. 

29. Thofe Bodies which refledt all the 
Rays of Light as they fall, muft neceflarily 
appeff of the fame Colour with the Sun s 
Light, viz. white ; and fuch Bodies as im- 
bibe or abforb almoft all the R^ys of Light, 
muft appear dark or black, i. e. without any 
Colour at all. Hence theReafon why white 
Bodies are ofajlronger and more lajling Tex-- 
ture. than black ones, whofe Parts being al- 
ways fubjedt to the Adion of a much greater 
Quantity of Light, are fooner brought to a 

State 
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State of Separation or Diflblution, i. e. of 
Rotttnnefs. 

30. Thus much for the "Rationale of Colour si 

wc fhall next fhe w how V i s Ion is caufed by 

/>&^E YE ; in order to which we muft firil con- 

fider its Form, EtruBure^ and other Circum- 

fiances conducive to this great EfFeft. 

And firft, fince the Nerves are appointed '^' '"** 

the general Organs of all animal Senfationy the 

Eye being placed in the Head, a Portion of 

Nerves is fent from the Brain to each Eye, in 

a round Bundle, asNM; where it enters the 

Eye at M, ^nd from thence is expanded into a 

fine Membrane or Lining over all the interior 

Part of the Eye as far as S and T : This 

Expanfion of the optic Nerves is called the 

Retina y and is the immediate Organ of Sight. 

3 1 . For iipon this the Rays of Light com- 
ing from every Point in an Objedt O B arc 
convened by the convex Figure of the fore 
Part of the Eye KPL; and thereby an 
Image I M is formed iii the Focus ; which 
in an Eye well formed is nicely at the Bottom 
on the Retifia. For this Purpofe it was ne- 
ceffary the convex Part fhould be tranfparent, 
to admit the Rays of Light freely; and 
it is called the Cornea, or horny Coat of the 
Eye, from its likenefs to Horn when dried. 

32. In order to keep this Cornea of a due 
Degree of Convexity, Nature has appointed 
a clear Fluid, limpid and tranfparent as IFa* 
tery and is therefore called the aqueous o 

D 4 watr 
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watry Humour i tKis fills' out the Cornea ; and 
in cafe it is loft by a Wound or Pundure iA 
the Cornea, it is fi^plied again, 

^^, The next Part we meet with, is a 
Sort of Diaphragm or Membrane, called the 
Uvea, with a Perforation or Hole in the 
Middle at O O, called the Pr/p7: The Pu- 
pil is defigned to adjuft the Quantity of Li^ht 
for diJiinSi Vijion, For this Purpofe, the 
Vvea confifts of two Orders o^ miljcidar Fi-- 
hresy one of a circular Form on the Outfide, 
and by thefe the Pupil is contracted for the 
Fxclufion of fuperjluous Rays^ when the OhjeSl 
is tQO luminous and bright. ' And by another 
Set of Fibres on the Infide, difpofed in a dif- 
ferent Manner, like Rays from a Center, 
the Pupil is dilated to receive more Rays, when 
the ObjeB is demote and dark. 

34. Behind the Uvea we meet with a moft 
curious Part S T, called, frorii its Clearnefs 
and- Confiftence, the cryfialline Humour ; it 
is like a fmall thick Glafs Lens, more conr- 
vex behind than before. It is connefted to 
the Coats of the Eye all around on the Infide 
by a Set of mufcular Fibres, proceeding from 
the Ligamentum Ciliare, and is thereby fuf- 
pended juft behind the Pupil; it is included 
in a very fine Tunic called the Arachnoides : 
This Part is deftined for correding the firft . 
Refraftion at the Cornea, and adjufting and 
pcrfedting the Image upon the Retina-, which 
js done by occafionally altering its Diftahce 

from 
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from the Retina, and the Convexity of its 
Surfaces, by the above-mentioned Ligament- 

35. The third and largeft Humour of the 
Eye is called the glaffy Humour ; it makes 
thqiGlobe or Body of the Eye, and is every 
Way very much like the White of an Egg : 
It is reprefented by the Space S I M T in 
the Figure of the Eye, and is very tranipa- 
rent. The Ufe of it is to give free Admiffion 
to Rays of Light to the Retina^ which every- 
where encompafles it, and to keep the Eye ' 
of a globous Figure. The Bottom of the Eye 
is ruDt Q?2L plane y nor yet of ^ fpherical Figure*, 
neither of which would admit of a true or 
perfect Formation of the Image on thei?^- 
iina. 

36. By this wonderful Structure and Me- 
chanifm of the Eye, the Image I M of any 
Objed: O B is formed on the Retina, exadlly 
in the Manner as by a Glafs Lens, as (hewn 
before from jirf. 1 5 to 20. And tho' the 
Image he irtvertedi yet we muft neceflarily 
fee the Obje<5t ereB, becaufe the Idea ofPo- . 

ftion depends upon the DireBton of the Aay 
of Light \ and as thefe Rays crofs each other 
in the Pupil, it follows, that the Particle of 
Light atl muft excite the Idea of Vifion at 
the Point B in the dbje6t, it being referred 
thereto by the right-lined Diredion of the 
' Ray IB; and thus the Point M is referred 
toO, and fo of ail the reft; whence the 
Objedt muft neceflarily appear ereft. 

37. The 
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37, The Nerve N M is not inferted in 
the Middle of the Bottom of the Eye, but on 
the Side 1 for this Reafon, that all the Rays 
of Light that fall on the Part where the 
Nerve enters the Eye are loft, and i|^d it 
been inferted at Q^ juft oppofite to the Pu- 
pil, then, all the Rays which enter the Eye 
direftly, and make the moft perfe<ft Part of 
the Image IM had been loft, and we ftiould 
have feen a Hole or black Spot in the-Middle 
of all Obj edts, as we eafily ftie w byExperimen t* 

38. When the Cornea K P L is too con- 
vex, the Rays of Light are converged to a 
Focus^ before they arrive to the ReWia^ and 
therefore the Image upon the Retina muft in 
that Cafe be very indiftind: and confufed. 
Such an Eye is called a MyopSy and makes 
People Jhort-i/ightedy that is, it obliges them 
to hold what they fee at a ihort Diftance 
from their Eyes, in order to prolong the fo- 
cal Diftance, and mj^e it reach the jR^//>?/? to 
imprint the Image perfeftly thereon. And 
for remote Objefts they ufe a concave Glafs, 
which produces the fame EfFeft, by caufing 
the Rays to go lefs converging to the Retina. 

39* When the Cornea is too flat, as gene- 
rally happens by Age, the Rays tend to a 
Focus beyond the Retina; and this alfo caufes 
the Image to be veiy imperfe(9: and indiftin<3: 
uponit; fuchPeople are therefore called Pref- 
byta I and their Remedy is a Pair of Vijuals 
with convex Glajfes^ or Pebbles^ which mafec 

the 
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the Rays converge fooner, and imprint the 
Image duly on the Retina. Every thing 
hitheno advanced in regard to Vifion, and 
the Dcfeifts thereof, together with their Re- 
medies by Glafles, are fhewn by the T)tffecf^ 
tion of the natural Eye, and Experiments 
with an artificial Eye^ reprefenting every 
Part, and the EfFedts of the natural Eye 
completely. 

46. It now remains that we (hew the Na- 
ture, Ufej, and Effefts of the moft confider- 
2h\^opticalInfirtiments', the principal of which 
are the Microscope and the Telescope. 
The firft of thefe are fo called from their re- 
prefentingObjeftsplainly to theView, which, 
by reafon of their Smallnefsy cannot be dif- 
tindlly feen with the naked Eye. And Telef- 
copes have their Name from their perfefting, 
at leaii improving, our Vifion of diftant Ob- 
jefts, which appear under an Angle too fmall 
to be diftinguiflied by the Eye alone. 

41. Of Microscopes there are three 
Sorts in Ufe, viz. T\\^fingle, the double^ and 
the folar Micro/cope. Trie Nature of the 
two firft depends on thefe following Con- 
fideratioris, viz. ( i ) That we cannot diftinftly 
fee any Oh]Q&,^t2ilefsDifiancetban6orj Inches 
from the Eye. ( 2 ) That the nearer any 
Objeft is, the larger is the Angle under which 
it is feen, and the Dimenfions under which 
it appears. (3) Th^X parallel Rays y or fuch 
. as are nearly fo, <:an only have their Focus at 

the 
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the Bottom of the Eye. And (4) that any 
Objedt placed in the Focus of a convex Lens 
will have the Rays proceeding from it all re- 
frafted by the Lens parallel to each other 
(SeeJF/^. 6,). 

42. Thus fuppofe A B a fmall Objedt 
placed in the Focus of the little Lens 

>g. "• £)E^ ^j^j ^^^ ^\\ the Rays which pro- 
ceed from any Point C in that Objed will, 
by the Lens, be thrown parallel upon the 
Eye F, which therefore will produce diftindt 
Vilion of that Point; and fince the fame is to 
be obferved of every other Point, it is evi- 
dent the whole Objed: will be diftindlly feen 
by means of thd Glafs, 

43. Suppofe the focal Dljiance C D to 
be one Inch y then will the Objedt be feen by 
xhtGl^i^Jlx Times nearer than it can be with- 
out it {Art. 41.) therefore it will appear 6 
Times longer and wider y and 6 Times 6\ 
or 36 Times larger in Surface-, an4 6 
Times 36, or a 16 Times larger in Bulk or 
Solidity than it can appear to the naked Eye* 
But if C D be but tV of an Inch, the Ob- 
jed: will be feen diftinftly thro' the Lens 60 
Times nearer than by the 'Eye alone ; and 
therefore 60 Times larger and ivlder; 60 
Times 60, or 360a Times larger in Surface^ 
and 2 1 6000 Times larger in Bulk ; whiclv 
tho' it be a prodigious Power of magnifying, 
yet thefe GlafTes are common, and we have 
many of a much (horter focal Djftance. 

44. As 
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44. As to the Double or Compound 
Microscope, they confift of /'r£;^ at leaft, 
but moftly of three Lenfes*, the firft or 
fmalleft C is placed near the fmall Object 
A B, '*uiz. at a little more than its^ focal Di- 

Jiance ; then will a large Image IH be formed 
of the faid Obj^d:, fo much larger than the 
Objed, as the Diftance C I is greater than 
the Diftance A C ; arid this Diftance and 
Image may be made greater or lefs by placing 
the Objedt nearer to or farther from the 
Lens C. All which is evident from Art. 
17, 18, 19. , 

45, Now this Image may be very diftinft- 
' ly viewed by any proper Lens, placed at its 

focal Diftance from it, which Lens is 
calledthe £y^-G/^; and toknowhow * ' 
much the Objeft appears magnified by thefe 
twoLenfes, fuppofe thfe Diftance of the Image 
CI to be 6 Times the Diftance of the Objcd: 
C A, then will the Length I H be 6 Times 
the Length A B to the naked Eye ; but this 
Length of the Image IH, if viewed by an 
Eye-glafs of an Inch focal Diftance, will ap- 
pear 6 Times as large as it does to the bare 
Eye {Art. 41. 43.) Therefore the Image, 
thus viewed, will appear 6 Times 6, or 36 
Times longer than me Objeft A B ; 36 Times 
36, or 1296 Times larger in Surface t and 
in Solidity 36 Times 1296, or 1555a Times 
larger than the Objeft. 

46; 

3 . 
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45. But tho' the magnifying Power of this 
Microfcope be very confiderable, yet the 
Extent or Field of VieV7 is very fmalt and 
confined; and therefore in order to inlarge 
It, and thereby render k more delightful, 
another large Lens D E i» placed below, by 
which the Anrfe DC^ ot A*C6^. under 
which the vifible Part of the ObjecS fie?i 
maybe confiderably inlarged, atidth^ Image 
formed afre(h» at F G; which Image F Gf 
tiow lies within the two extrtriie parallel 
Rays oi the Eye-g/afs MF andNG, and 
is therefore wholly vifible : Whereas before^ 
only die Part O C^ which in the firft dotted 
Image is contained between thofe Rays, could 
be feen. * And fo tho' the Obje^ be not 
quite fo much magnified, yet it i« niagni^cf 
enough, and the vifible Area very much in- 
creaied by the Iilterpofition of this third Giafs* 
N.B.KS is a plain Mirrour to refledt the 
Light Ty for illuminating, the Object 
when tranfparent. 
47* The Microfcope conftrufted with three 
Glaffes has been executed with great Succefe^ 
and in many different Forms ; all of which 
have two Parts, viz, one interna/, containing 
the Glaffes, and the other external, on whith 
the Object is placed^ and the Glafs to illumi- 
nate it/ Of thefe I contrived a very 
'^' '^' ufeful one for the Pocket, reprefented 
in Fig. 13. where ABC is the upper Part 
in Wood, Ivory, or Brafs, containing the 
4 two 
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two Eyc-Glafles, viz. the Glafs DE at C, 
amJ the other M N at B ; the Objed: Lens 
C being contained in the Button H, which 
is raifed up and down, and thereby adjufled 
to its due Diflancey by means of the Tube or 
Cafe I, which Aides in the outward Part or 
Cafe CDE : In this there are two Apertures, 
one above where the Objedk is placed to be 
viewed in a fmall concave Lens at G. The 
other Aperture is the Hole F below, thro' 
which the Beam of Light T comes in, and 
is refledted by the Glafs RS to the Objea:. 
i4! fliands on a firm Bafis E, and anfwers all 
the Ends of the largeft Inftf umcht of this 
Sort, with the utmoft Eafe. 

48. The Solar Microscope is defigned 
to reprefent very fmall Objedts . extremely 
large in a dark Roomy in the following Man- 
ner ; AB is a Beam of the Sun's Light . 
falling on a Locting-glafs D C, fo ad- *^* '** 
rafted to a proper Inclination by two Brafs 
Wheelfe) that it fhall refleft the Ray parallel 
to th^ Horizon to a large convex Lens E F, 
which converges them to a Focus; near 
whick k placed the fftiall Objcdi G M, and 
ii» by that means greatly iUuminated ; then 
a fmall Lens I is adjufted by a Screw to a. 
little more than its focal Diftance from the 
Objed:, by which means a very large Image 
K L is thereby formed on a white Wall or 
Sheet, on the oppolite Side of the darkened 
Room. 

49. TUe 
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* 49. Tlxe Power of magnifying in. this In- 
ftrument is thus computed : Suppofe the 
linall Lens I is diilant from the Object only 
1^ of an Inch, when the Image K L is duly 
formed on the Sheet, and fuppofe the Dif* 
tance of the Sheet be 1 6 Feet from ^he faid 
Lens i then in 16 Feet there is 192 Inches, 
and confequently 1920 Tenths of an Inch; 
then is. the Length ol the Objedk to the 
Length of the Image, as i to 1920, or the 
Object is magnified 1910 Times in Diame- 
ter, and 1920 Times 1920, that is 3086400 
Times in Surface, viz. above tAree Millions 
of Times ; and 1 920 Times three Millions of 
Times in Solidity. Such is the prodigious 
and almoft incredible Power of magnifying 
in this mofl curious optical Machine ! 

50. The Telescope of the refraSiing 
Sort is of two different Strud:ures, viz. One 
of four Lenfes, the other of two* That 
which has four Lenfes performs its 5f- 
*^' '^' fefts thus; let OB be any diftant Objeft 
to be viewed, and AD the Objedt-glafs of the 
Telefcope, and BQjheAxisof theTelefcope. 
Let BI and OM be two Rays proceeding 
from the extreme Parts of the Objed:, and 
they will terminate the Image I M in the 
Focus of the Obje(ft-glafs,.as is evident fronx 
Art. 18. and Fig. 7. If a convex Lens 
E F be placed in its focal Diflancc from the 
Image IM, the Eye will, thro' tbat Lens, fee 
the Image very diftinctly, but in an inyerted 

Polition 
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Pdfition {j4rt. 1 9.). And therefore the View 
of terreftrial Objefts will be very unplea- 
fant; but for the heavenly Bodies, which are 
round, it will do very well; and in this Cafe 
it is called an Afironomkal Telefcope. 

51. But to Qxt^ Land'O^jeBs i^v^&iy an- 
other equally convex Glafs H. tnuft be placed 
behind the formerJE F, at twice its fo- . 
. cal Diftanc^, that fo the Rays which '^' ^ ' 
come fropitthe extreme^ Parts of the Image I 
and M i^y crofs each other in the Focus Gi 
and falliag-ijpon the l^ena H> may form by 
that Glafa ^feeofidlmage^ al: its Focus K, which 
will be ere A, or ia thq:fj«ne Pofition as the 
Objed: QBf aftd Hq[ay bje diftindly feen by a 
third LeQs^ L, of. the fa^e Convexity as the 
jt;WO fojrmer, and pjaced at its focal Diftance 
from the faid jfecond Iipage,, by an Eye at Q_ 
in its Foeuf on the other Side. .^^ 

5a. Sip/5§ the Iniage IM, and the. Object 
OB, are fJ>oth contained under equal Angles 
I CM ajnd'j^GB^ they; will appear equally 
large toan^Ey:e'^placed at the Pbjed:-giafs G* 
•Butfthe Im%e I M, feen thro' the Glafs E F, 
. is as mU(?h larger than \vhat it appears when 
. feen thrpugbf.the Lens A D, as the Diftance 
CI is greater than the Diftance IE {Art. ' 
41 .). Aftd.the fecondlmage KN nluft necef- 
Tarily be of the fame Magnitude with the firft, 
becaufe the Ray MP" terminaties them both 
after Refradion atF and li, at equal Diftance 
from the Axis : And therefore the Image 

E 1U^ 
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KN muft appear through the Len« at L, juJt 
as large as the Image I M will appear thro" 
1^^ firft Lens E F. 

53. Suppofe then the focal DiftaiKre I C 
of the Objcft Lens be 3 Feet or 3^ Inches^ 
and the focal Diftance of the Eye Lens be a 
Inches, then fince a is contained |8 Times 
in 36, fuch a Telejfcope will magnify \% 
Times. If the Eye Lens were \\ Inch focal 
Diftance, then li) 36 (24, or it will in this 
Cafe magnify 24 Times. If it M^«on€ Inch 
only, the Objeft would be m^mi^d 36 
Times, or appear fo many Times nearer thro' 
theTclefcope than it dees to thenj&ed Eye. 

54. There is a -Gonftrixdtion of a Telef- 
cope with t*wo Lenjes onfy to view an Ob- 

^ ^' '^ ject upright* Ot th^fe AeCXbjeaLeiis 
CD is a C^m;^;!^ as before, buttheEveLe^s 
G E is a Concave. And thus fuppoftng A B 
pardlel Rays ftUine on the Lefts CD they 
will thereby proceed converging to the Focus 
of the faid Lens at F; but if thw ^t inter- 
cepted by the Concave G E placed ^ its focal 
Diftance from the Point F, J^en will the 
Rays be refirafted thro- it parajkl to the Axis, 
and as fuch they will ptoduce diftin^ Vifion. 
See Art. 2 1 • and 41 . 

^^. The Image is not aftuaHy formed by^ 
this Telefcope, and the Objeft muft appear 
in its true Pofition^ becaufe there is no erofs- 
ingofRaysm their Paffage thro' this Telef- 
copc. And if the foed Diftance of the 
4 Lenfes^ 
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JLepies m this ar^ th^ ^&ine ^ i^ ^e pthac 

|a«)e. JBut the IVii^ortv^e of ^^ JeWcgpe 

tx>$(j;npify^g Pbwen ^^^ is therefore fejldom 
4;i^4 ^Vit in iboiTt JUengthjSi aiibd for yiewng 
very ne^f K>ije£tsi 

£4. As the two Si4^ 6f a cotivex LookS 
xximtaw an Aftgle ibmewhat M ^ Mantrar 
^f 4he li^o Sides ^f « Pri6n^ jjt ffi^ft lolW^ 
ihat as ia the Prifin^ ^ i^ ^e Le^^, the 
JR.ays df Light w91 be r^ta^ted in a different 
Mani}6r> and t6 difiertirit Piarts of ^eAxis ; 
M^d therefore v^efk the Image is Viewed by 

it maik appisar pbfcure, indifimSif wd tjmged 
^th vdruktsGokurii this IiBpef^^idn of iter* 
Ira^Sbing Telefcopes is in a great ^eafiire re^ ' 
i3;iedied by the invention of ri^^ing OhcSm 
The Theory of which, in diortj. is this. 

57. Let ABCb reprefent the Tuhc . 
Joi a refledting Telefcope^ EF the Ivge '*' 
refle<Skiag concave IVlirroiy-, with a Hole HO 
jA the Mid(Ue of it» placed at the inmofl: 
End, atid let ^^^ be ^ Cm^ Cwi^aye placed 
at the other End upon a Foot or Stem, by. 
which, and a Screw oil the Qvtfide^ it i» 
moveable backwards or forwards as Occasion 
requ^es. Let ahj ^c^ be two pwalkl Ragff 
of the Spin's Light* falling oto the gippat 
^pcciilum^ and by itrefieiJted to its Focus^ 
. E 2 where- 
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"^vKere the Sun's Image will be formed in 

^a fmall round Spot. If then, by means ef 

the Screw the fniall Mirrour |f >& be moved 

to a little more than its focal Diftance from 

'the Image of the Sun atyi the Rays which 

^'go from it to the Speculum g hy will by it 

; be refledted • through the -Hole H O in the 

large one, to a plano-convex Glafs behind 

• at' IK, which will caufe a fecond and much 

•:hfgef Image to be formed in the Part L M 

.in the Tube behind ; this fecond Image is 

viewed by a P/^^(?-ri;;^5y^x' Eye-glafs, placed 

•in the Part N Qby parallel Rays pai3ing thro' . 

ar fftiall Hole to the Eye at R\ 

tC ^8. But as this is a very complex and in- 

.tficate Calculation, I muft refer the Reader 

tQ my Philofophia Britannica for the Method 

of computing the magnifying Power of this 

-Irtftrumenty and fh all here only obferve, that 

•itls io great that a reflefting Telefcope, whofe 

focal Diftance of the' great Mirrour is any 

Nunlber of Inches^ will generally magnify 

as much as a refrading Telefcope which is 

'ias'many F^et in Length. I might alio here 

rdbferve; that this Inftrument is as well 

-fetdapted for a Mkrofcope as a Telefcope, but 

thisi is beft fliewn by Experiment, and that 

in different Ways *. ;- ^ 

r . .59. There is ^Method of applying either 

the refrading or reflefting Telefcope in a 

'. * See mor.e'at^largq the manifold Ufes of a Refle<fliDg 
Tijlefcope in my Opticai. Essays, lately^publiflied. 
' dark 
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dark Room for viewing the Spots in the Sun^ 
the Eclipfes of the Sun, the beautiful Colours 
of the Clouds^ &c. &c. But for this Purpofe 
the Refradier is heft, and .may be prpperly 
galled the *Se?/^r T^elefcope. This like wife we' 
0iew ^ all thefe Cj^fes by Experiments ia " 
the Camera Obfcura. 
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Section III. 

^'ie Njiturc tf«^ Properties o/^iR pcp^i^ed^ 
the artificial Produdtion 2^ AiRi rf the 
Transparency, feLASTiciTY* and 
pRAviTY of the Air, ^Barometers, 
Thermometers, ^^Hygrometers^^ 
i(be Conftruftion and Ufe of a New PoRt 
table Air-Pump, a fckSl Number qf 
principal Experiments thereon^^ to illujirate 
the Qualities a^d Ufes of the Air. 

r 

1. ^T^HE Bufinefs of this Seftion will be 
X to difcourfe of the Nature^ Origin^ 
ixA Properties of AiR, and the Defcription 
and Ufe of thofe Injiruments and Machines 
by which they are demonftrated in a Courfe, 
of Experiments, according to the modern 
Iniprovements and t)ifcoveries. 

2. The Nature of Air confifts in the 
following Particulars : (i) Extrenie Subtilty^ 
or Smallnefi of its Particles, (2) The In^ 
^djihtlity of its Parts, and the T'ranfparency 
thence arifing. (%) /ts Springinefs or Ela^ 

fitcity. 
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Jkity. (4) its JVeighti or Gravity. (5) 
The nymtfying Spirit it contains, fo neceflary 
to. the Life of Animals, Vegetation, &c- 

3 . As to me firft Property of Air, which 
confifts in the extrenfie Minuienefs or Small-- 
nejs of its Particles, I obferved in (he firft 
%cA^{Art. 32.) that this was a neceflary 
Confequence of the Manner in whieh it was 
generated, n)iz. by a jgentie imperceptible 
F ernientation in all Bomes; which again pro- 
ceeds from their natural Warmth or Heat, 
which af ijfes wholly from the A^ion of Light 
imbibed by Bodies {SeSf. II. Art. 5.) by 
which their Parts are put into an inteftine 
Motion ; and thoie on the Sur^ce being 
conftantly agitated, are by Degrees thrown 
out of or beyond the Sphere of eorpufcular 
Attraction, and then immediately repelled 
itom the Body in an Efflux or Effluvium of 
Particles too unall to be vififale to the Eye. 

4. But in order to fhew that this is the 
true and real Method in which Air is y. 
generated from Bodies, and at the fame *^' '* 
time to render it vifible to the Eye, the fol- 
lowing Experiment has been contrived. 
ABC is a GlafsTube of a coniiderable Length 
and Diameter, with a very fmall Hole at the 
lower End at B. When this Tube is filled 
full with Water, and flopped clofe on the 
Top with the Thumb, the Water will not 
fun out at the Hole B, being there fupported 
by the Preflurex>f the external Air, wnich is 

E 4 greater 
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greater upward that the Preffure or Weight 
Ipf the Water downwjirds. But if the Thumb 
be Hfted up, it runs out, the Preflure of the 
Air being then at Top and Bottom equal. 

5. If now die Tube be filled witjb Water, 
rendered acid by a little Aqua-^fortisy and a 
Piece of CJialk D put into it ; the Chalk be- 
ing an Alkali t will ferment with the aeid 
Mixture, and thefeby generSite a very large 
Quantity of Air, which will be feen to rife 
thro' the Liquor to. the Top of the Tube 
(which is no\y clofe flopped with a Cork, as 
(hewn in Fig. i.) in innumerably Bubbles, 
which, breaking aboye the Surface E F, will 
become ane uniform elajiic Body ofAir^ whicli 
by its Spring will pr^fs upon the Fluid be- 
low, and force it all by Degrees thro' the 
fmall Hole at the Bottoria B. 

6. Now fince the Tube is at firft wholly 
filled with the Fluid, and the Air that is ge- 
nerated forces it all out in Oppofitioa to. the 
Preflure of the outward Air, it plainly ap-* 
pears, tlfat. the spring . of this new generated 
j^ir is greater thm the Spring af the common 
Air^ and is in every Refped: of the farne Na.- 
ture -with it, And frpii^ hence it appears how. 
the common Air is generated from all other 
Bodies by a lik^ Fermentation^ tho' riot per- 
qeptiblp tq the Eye, as it here is by means of 
the denfer Medium.of the Liquor. 

7. From thi^ Experiment we learn, that 
^4f/r, in! its natural State i§ fixed, and makes 
" 7 ' ':/ a Part 
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a Part of the common ASubftanc^ of Bodies, 
and is a kind of jtaturai Cement^ which hinds 
the Parts of Matter together :i becaufe we 
dbferve, tha;t as faft, as' the fixed Air is dif- 
charged and fet at Liberty, the Particlea of 
the Body lofe their natural Cohelion, and fall 
ofFin the Form of a fine Powder or. Duft to 
the Bottom, and ib far the*Bo,dy.bjbcomes 
diflblved ; and the fame may be obferved in 
the common Solution of all other Bodies, in 
every Sort of difiohing^ Menjiruum. 

8. And what is very obfervable farther in 
this Experiment is, that this artificial Jlir^ 
in its natural fixed State, makes a great Part 
of the Subftance of Bodies. For if we allow 
^ of a Grain for the Weight of a Cubic Inch 
of Air in its elaftic State (as will hereafter 
appear to be the Cafe) then by this Experi- 
ment, tried in a very large Tube, it will be 
found, that the Air thus produced, will 
amount to a very large Proportion pf the 
Weight of Bodies thus diflblved, A^d thus 
particularly the Stone in the humart Bladder, 
has been found to yieW fo much Air, as has^ 
amounted to more than half its Weighty . . 

9. From hence ma/lljfe deduced the.^„ '^ 
Contrivance'of an artificial Air-Gun^ or 
Pifiol in Giafs, as A B C E:F, confifting of a 
Body GCH, ^d aBarrel> ABBF, fomewhat 
like a Retort : If the Body be filled, the great- 
eft Part, with the before-mentioned acidMix^ 
tU2?e, and a Piece of Chalk D put into it, 

arid 
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and then it be chamed with a fmall t^i»:e of 
Cork with Lead iait^ as BE, the Fermenta-« 
lion will produce fa much elajik Air above 
the Surface of the Liquor O i{, as at kft 
ihall expel the Lead BE with a prodigioiu 
Forccy like that of Guwpowdcr, to a vtty 
great Diftance K, 

10. From this Experimeict al£) we learn 
the Reafon why^ in bottled Beer, Ale, Cyder^ 
&c. the Cork^ often ily, and the Botdeg 
burft, viz. with the daftic Air generated by 
4 flow Fermentation in thofe Liquors. Alfo j 
the Reafon of tho& Erudfcations of Wind 
from the Stomach 5 of Flatulencies ind dtio^ 
}icky Diforders in the Bowels, which areaU 
nothing more than the Air generated by Fer- 
Ikientation, arifing from the Mixture of what 
we eat 4nd drink, With th^ natural Juices oS 
die Body, 

11. The Invisibility of the Particles 
of Air, is the Caufe of its Tranjparency -, and 
tfiis is a neceifary Quality, inaimuch as we 
could not have been able to have difcerned 
Ob^eflrs through it with any Degree of Clear- 
nefs and Diftindion, had it been in any 
Meafure opaque. This appears by viewing 
Objects through T^lefcopes of a large magni- 
fying Power, which M the fame time mag- 
nify the Particles or Body of Air, and caufe 
Objects feen through it to appear very mifty 
and confa&d. Hei^ce alfo it ^ppe^s, that 

the 
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idie Air thus magnified fets Bpun^$ to the 
IinprpVement of Telefcopes. 

12. 'the Body of Air, coi^fidcre4 as a 
fcphefe of piaflic Vapoufs, f^blii?ied from 
Bodies, exfends w expands itfelf to a very 
jgfjfeatDiftance or Height fifom ^he Eartfi every 
yray ; afid is every-^hpre pf a different de- 
freafing Denfity. For tlxe Air being every- 
where cojnpfefTed with the Weight of tne 
fuper-incumhent Air. cfiuft have its Denlity 
proportional to that rrefliire ; and therefore 
Jiecreaiihg upwards in ^he fame Ratio as th^ 
Air's Height, Gravity, or Freflure deereaies. 

13. Were theDenfity pf the Air every- ^^ 
where the fame, it woiild be very eafy to ^' ^ 
deterpiine its Height by the following Expe- 
npient. ABlCD is s^ Vial filled with Wa^er 
to the Height E F, in which is imqierfcd a 
plafs Tube I<j, open at both Ends, and ce- 
mented to the Vial at A D, to cut off the 
fcommunicaifion of AJr. This done, a little 
Air is blown thro' the Tube, which mixing 
with the Air in the Part A E F D, will con- 
^enfc it, and of courfe increafe its Spring or 
J^reffure ; this will raife a Column of Water 
into the Tube to the Height H, fuch that 
its Weight, pgether with the Weight of the 
Column of Airabove it, beequal to theSpring 
6f the included Air; and then- an J£^«///- 
^rium between thena will enfue. 

14. If now the Vial, thus prepared, be 
parried up any high Place, as a ^oiver. Hilt, 
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&c. It will be feen> that for every 72 FeiJ 
you advance, the Surface H will rik juji one 
Inch in the Tube, Now fence this one Inch 
of Water rifes to compenfate the Deficiency 
of Preffure in the Column of Air over it, now 
fhortened 72 Feet ; and fince (as we fhall 
make appear hereafter) the whole Weight 
of the Air will raife a Column of Water 32 
Feet, or 384 Inches, It is evident if we mul- 
tiply 384 by 72, it will give the Number 
of Feet {viz. 27648) which would aflign 
the Height of the Atmofphere uniformly 
denfe, which is about 5 \ Miles. 

15. This Experiment alfo mod accurately 
aiilgris iht^ comparative ^Gravities of. Air and 
Water \ for fince it appears, that one Inch ^ of 
Water countervails 72 Feet, or 864 Inches 
of Air, and the Gravities of Fluids adling 
againft each other are inverfely as their Al- 
titudes (as hereafter appears) it follows, that 
the Denjity of Air is to that of Water ^^ as i 
to %6^precifely. 

16. This Inftrument alfo prefents us- with 
one of the moft eafy and perfect extempora- 
neous Thermometers that can he contrived, 
For fince the Column of Water G H is fup- 
ported by the very yielding and tender Spring 
of the included Air preffing upon the Sur- 
face E F, it will rife and fall with the leajl 
Expanfion or ContraSlion of that Bo;ly of Air 
by Heat and Cold. Thus if the Hand be ap- 
plied to the Vial, it will rife feveral Inches .; 

' - apd 
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and if it be immerfed in cold fFater^ it will 
defcend through^ tnmy^ morel Thus alfo it 
is fitted for difcoveririg the fmafl Diferences 
of Heat and Cold in different Rooms, of a 
Hdufe. Thus alfo it is applicable to ,^toves, 
Sof-Aou/es, Hot "Beds, &c. ' 

17. But, as I faid, it is fit only fof extemr- 
porary or prefent Ufe ; , becaufe the upper 
Surface H being prefTed with the Air above 
it, if the Gravity of the Air be altered, it will 
rife and fall by that Means, tho* we fuppofc 
the Warmth of the Ropm to remain the 
fame all the while. And therefore it cannot 
be depended upon as a ' Thermometer for any 
long Time together. . * * " 

i^. And as the Heat arid Cold of Air is 
the B^fis of the curious' arid ufefiil Invention 
cf Thermometers y which are Inftrumetits to 
meafure the variot^s' Decrees, thereof, I fhall 
explain m a few Words the.Natv^re arid Ufe 
of them. It is well known, that all Bodies, 
^N\it^htr fluid or folid\ expand with Heat, and 
contrdSi with Cold, and therefore' liiay be 
made ufe of for t)iis f urpofe. But Fluidi 
are the moft proper Subjedt ; and amongff 
them, Spiriisy Oil; and Mercury have the 
Prefecence, but efpecially the latter, ' on the 
following Accounts/; (i) Mercuiy dbc^ not 
filth or foul theTiibe in which it is contained, 
as tinged Spirits^ and Oil do. (2) It ex- 
pands and cohtfafts" much mor6 fpeedily 
than cither of the -other. (7) It is fufcep- 
' • ■ - tible 
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tlble of vaftlj greater Degrees of Heat ao4 
Cojd thai) any other Fluid Whatfoc^vei-; 
^ ,19. The Mercurufl T^bermometet is ^ 
^*^ 6iie cisipillary Tube AB, with a rojaacl 
or oblpne Bulb B C. filled with Mercury to a 
proper Height as F. Here> fincethe Bore 
of the Tube is exceeding fmalU the Motion 
of the Mercury up and down in it, by th^ 
leaft Expanfioji or Contradioa of Uiat in the 
Bulb> will be very fcnfible ; and a Scale of 
equal Parts D E, being placed by it> the i^a- 
rious Degrees of He?* and Gold will be cafily 
difcernea and compared by the Numbers iii 
the Scale^ againil which the Point F ihall at 
any Tiflle ftand* 

20.- Since Heat and Cold afc only relative 
Terms or Ideas^ there is a cotmnm Standard 
pr Boundary to vfhich they muft be referred^ 
^tnd from whence their Quantity on each 
5ide muft be eftijpaated> by the Parts x)f the 
Scale affixed to it* And this x:caiP*noiji Limit 
of Heat and Cold can be flo other, with re- 
foed: to us> than ihat particular D^ree or 
l^mpetaiure of the Aif when we faj, it is 
neither warpi nor cq14; or thjit which is equal 
to the natural Warmth of the external Part 
of the Body* 

ai* Now from this Point of Temperature 
the Divisions pf the Scale ought tp ocginj as 
iji jths Figure, an4 to be continued both 
Ways ; an4 then the various Degrees of Heat 
n>j^i>e ccappared, as tp Acif Exceffes q/c 

Differences 
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Differences {torn that ^ Tciopcwtiire, very 
^afily, thus : If any Piegree of Heat A, (hall 
raife Ac Mercury 10 Part?, and anodi^r De* 
gree B^ raife it zo, and a Third Degree C9 
raife it 30, then will tkc^ NpmberS lOj 20> 
and 30, or 1, 2, 3^ uodouVtedly exprefs tfap 
Ratios of the Intenfiti^s of thoie D^reee 
of Heat, or &e Senfatiofis vr^ have of ther 
Effeas- 

21. Thus, on die other Hand, we may 
judge of the various Degrees pf Cold, or ra^ 
ther of thofe Degrees of Warinth whi^h are 
le/s than temperate ^ or that of the Hand* If it 
freeze vrhtn the Mercury iis jo Degree bcr 
low temperate, it will he twice as ad^ when 
it ftands 20 Degrees below, «md &> on. Tho* 
this be a Method fufScient for opp^e's owql 
private Ui^, yet when it is neceflary to cprnf** 
municate one's Obfervatipns <^ this Kind to 
others who make the fan>e t^t a DjAance, 
and upon different TbermQmetersj there ought 
to be one common Number of Parts a^e^ 
upon between two fucb Points fis are fionjianf 
in all Thermometers; and it is foimd^ theit 
none are more fo than the Points oi freeing 
and boiling Water. 

13. This being confidered, «tid theLearned 
having generally a Regard to Farenkeifs 
Scale^ in which xht freezing Point is at 32, 
and that of boiling Water a 1 2, io that be- 
tween thcjn there is 1 80 ; if then th^ fame 
Number 180 be reckoned between the fame 

two 
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two Points ijj iany tftHef^Scale/ they may ail 
'ibe^cofti^6i^d^\vith 4:fiisy afid confequently 
-^Jt^fth-'one afndther;i'iCXr ti^^ byldie.jRw/^ ^ 
fS^/jree*" 'Snppofo the Thermometer 'in the 
^Figure cfcm tains 8o'E)eg;rees between thofe 
'two Points, and'-tHat'any* pafticuJar Heat 
i^ifesthe'Quickfilver to 26 zHovt freezings 
'then fey,' a& 80 : 20 :': ii 80 : 45. j; then to 45 
add 32, and the Sum is yy^ which is the 
NutxAe'r to which the Mercury ftarids in Fa- 
Ten&m's Scale; < .r i . - • ^ . • 

'• 24. The^ Air ha^ another Quality^ viz. of 
irarioHS 'Degrees o^^'Moifiure and Hrynefs^' 2s 
-it is alttliys* more^dr'iefs replete "9^1^: aqueous 
^Particles- or nvaUy^ Valours ^ ^nd fince- the 
human Fi-feme is ttei^eby very much afFedled 
4n regard ^(o Health, it has dccafioned tlie 
•ContiiivaGfce of Various Inftrumenis called 
^'H^G^fc^iETERS, forfneafuring the Degrees 
*ther66f,^f which -I^hJive elfewhere* given a 
4arge i^ccount. But X fhall delcribc one of 
-a latt'Invention, which feems well calculated 
to anfwer this Purpoie. It has been obferved, 
-that Boards fwell and contrad: very much 
"xmdfh'^^^a^Sy hy tte Moifture and Drynefs of 
the Air ; and frorn thence it was inferred, if 
^'a Board was faWed actofs the Grain .'into fe- 
vera! PiecSes about.'anlnch wide, and thefe 
'Pieces ;dl glued together at their Ends, they 
w6uld make one long Slip that would admit 
of a tonfiderable Degree of Exjpanfion and 
• ' * * Con- 
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Contra<3:ion in . Length, fuch as repre- 
fented by A B in the Figure. 

25.. If this Piece be fixed in an upright 
Pofition, with ajCord DE going over a move- 
able Pully C, carrying an Index I over . ' 
the graduated Limb of a Quadrant '^'z^' 
G H> and tended with a Weight F, it is 
evident, that as tfie Piece AB extends in 
Length by the Moifture entering the Pores 
of it> the Index muft go forwards ; and as it 
> contracts with Drynefs, the Index will move 
backwards, and* thereby meafure the various 
Degrees of thefe Qualities of the Air. The 
Piece fhould be firft put up as dry as poflible, 
and the Index then fet tg the Beginning of 
the Degrees at G, and then the feveral De- 
grees of Moifture will afterwards move it 
from thence towards H. But this Piece of 
Wood is applicable to greater Perfection in 
an. Inftrument called ^^ Pyrometer, to be 
hereafter defcribed. 

26.; The Air is alfo a very heavy or pon- 
derous Body ; for its Parts, tho' fmall, gra- 
vitate in this their fepar ate State, as much as 
when fixed in Bodies, by virtue of the Earth's 
Attradion, And therefore, like all other 
' Bodies, th^ Air granjitates in proportion to 
its. ^entity of Matter. 

27. But, as was obfer/ed in the firft Sec- 
tion, the Air confifts of very different Kinds 
of Matter, which makes it fome times lighter y 
fometimes heavier , according to its . confti- 

F* tuent 
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tuent Matter. Thus when the Air abounds 
with aqueous PartSy it will become much 
lighter than when it confifts of Particles de- 
rived from dry, folid, heavy Bodies, which 
makes the drieft, fineft, and beaviejl Air. 
The Reafon of this has been fhewn in SeSl. I. 
Art. z^. Fig. 8. 

28. As the Air is by Nature appointed 
the neceflary M'eans of Refpiration, and as 
an elaflic heavy Air is of much more Force 
to expand the Lungs^ and to impregnate the 
Blood with its enlivening Spirit, than the Air 
which is weaker and lighter, it imports lis 
greatly to be well acquainted with the Airs 
Graroityy and the Alterations it continually 
Undergoes in that refpei^t, efpecially too, as 
it muft neceflarily have a Relation to the 
State of the Weather^ and all its Variations y 
of which it is in a great Meafure the Caufe- 
(See Se£f.L Art.2(>.); I fay, upon thefc Ac- 
counts, it is no Wonder if ingenious Men 
have long been in the Purfuit of the moft eafy 
and expreffive Methods and Inftryments to 
indicate this Affair. 

29. And various have been their Inven- 
tions for this Purpofci and Barometers 
have been multiplied in numerous different 
Forms. But after having examined theni 
all, I am firmly perfuaded there is .none that 
comes up to that which was firft of all in- 
vented, either for Fajinefs of StruSiure^ Sim- 
plicity of FartSy and Accuratenefs of JJfe ; 

and 
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and is made in the following Manner. A B is 
a Glafs Tube of 34 Inche$ Length, and 
Whofe Bore is about \ of an Inch Diameter j 
It is hermetically clofed at the End A^ 
and at the open End B it is filled quite '^' 
full of very clean, pure Mercury ; then whilft 
it is thus full, it is inverted, with the End B 
flopped, into awideBafon of MercuryECDF,- 
and then the End B being unftopped^ the Mer- 
cury will fubfide from the Top A, and ftand 
at a certain Height BI in the Tube. 

30, By this Means the Space above the 
Mercury A I is left devoid of Air, or is, a Va-- 
€uum ; and the Column of Mercury in the 
Tube B I, is fuftained folely by the Gravity 
•of the Air, or itt Preflure on the Mercury in 
the Bafon, which arifes from thence, as evi- 
dently appears from an Experiment of taking 
the Air away by the Pump, and in propor-^- 
tion as it is exhaufted, the Mercury will fink 
towards the Bottom* ^his Column of Mer^^ 
cury therefore is an Equipoife to a Column of 
Air of the fame Bafe and Height of the At-- 
mofpberey and of Gcfurfe the Weight of both 
muft be the fame. 

3ii Therefore whenever the Gravity of 
the Air alters, the Column BI will alfd 
alter its Height, and fo when the Air be- 
comes heavier, it will rife higher^ and as the 
Air becomes lighter i it will fink lower i And 
it is found by Experience, that when lighteft 
of all, it finks not much below the Height 

V i ^f 
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of 28 luches, and when haviefiy it rifes 
not higher than 3 1 Inches ; ^nd it very rarely 
comes to either of. tjiefe Extremes, the mean 
Heighf being nearly 294- Inches- All which 
. is eafily ob£erved by a Scale of Inches. applied 
to the Tube, as is represented in the Figure, 
32. If the Tube AB werq of 'a fquare 
Form, and juft ^fquare Inch Area in the 
Bor?, the Mercury would rife > to the fai6e 
Height, at a Mean, 29 Inches ; fo that in 
fuch a Tube, there would be? 29 cubic Inches 
of Mercury;, and every fuch cubic Inch 
weighs. 8 tV oz. Avoirdupois; therefore the 
Weight >of fuch a Column of Mercury, and 
^onfcquently of a Column of Air of the fanve 
Bafc, will be equal to about 141b. Weight; 
and foupon t\^xyfquare Footy it will be 14 
Tunes 1 44, or 30 1 61b. and fomewhat more ; 
.and if we allow about 147 fquare Feet uppa 
the Surface of a middle-fized Man, it will 
follow, that fuch a Man Aiftaiaa a Preffure of 
Air equal to aoi6 Times 14 lib. or nearly 
30000 lb. whicfi is nearly 14 Tons. 

3.3, The Rea&n why we. are not fenfible 
of fo very great a Preffure, is becaufe our 
Bodies are hlled with Air jthroughout, and 
the Spring of the internal Air is every way 
equal to the Preffure; and. therefore every 
Part of the Body being afted upon by a Force 
on.^very Side equal, it cannot be fenfible of 
jaaiy Force at.all, either of Spring or Preffure;* 
but. if one of thofe Forces befufpended in 

any 
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any finall Degree, the other becomes irnme-* 
diately very fenfible, as we {hew by ^n Ex- 
periment on the Pump to explain the Na- 
ture oi Cupping. 

i 34. . Hence -fince the Difference between 
Ae Icaft and grealeft Height of the Quick'- 
filver in the Tube is 3 Inches, it foliowns^ 
that when the Air is heavieft, we fuftain a* 
Prcflure of more than a tenth Part of the 
Whole, greater than when it is lighteft, which* 
is more than a Ton Weight." And therefore- 
it is eafy to fee the Reafon why a ligbt Air 
afifedts ajihmatic Peapley and other Valetudi-*' 
narians^ in fo very fenfible a IVJanner, as we 
fiiKifcy Experience it always does. The Air 
when id light, not having the Force to ex-^ 
pand the Lungs ^ to brace the Fibres^ to pro- 
mote the Circulation^ to open Objiructionsy arid • 
produce a free Ferjpiration^ as Vh^n it has a 
^t,2X&x Weight and 'Blajiicity. 

35. We are by this Inftt-ument moreover ' 
enabled to predid the Alteration of Weather \ 
for vvrhen we fee the Merciiry falling, we 
know the Air is lighter ; we know by that 
it muft be filled with aqueous Particles ; we 
know alfo from thence that Clouds, Storms, 
Rain, and Wind muft enfu? ; iand the con- 
trary. And hence iSat great Ufe,ytSL Necejfity 
of thcfe Inftruments to all wno are any way 
concerned with the different State and Alte- 
ration of the Weather. And it is not difficult 
' F 3, for 
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for every one to find that he is more or lefs 
affefted by it. 

36. Thefe are the diiFerertt Inftruments 
that indicate the various Qualities of the Air* 
But the Grand Machine of all, by v^r^iich 
the feveral Properties of Air are in a moft 
wonderful and entertaining Manner rendered 
fcnfible to us, is the Air^Pump. This Ma-- 
qhine has undergone various Forms and 
Changes fince its fir ft Invention by Otta 
Gueric, a German ; by Boy/e, Haukefby^ Da^ 
^enport, &c. But as I have contrived one 
different from them all, far more concife and . 
cafy to he ufed, I fhall here give a Defcrip-i 
i\OT\ of it, as follows. A B is the Frapie or 

Head, in which is contained a Wheel, 
^' ^' which moves the two Piflons C, D, up 
and qown alternately in the Brafs Barrels 
E F, which are flrongly fcrewed down on 
the two Pillars G H, fixed in the Bed or 
Bottom Part IK. On this Part in the Middle 
is let in a large finooth Brafs Plate, with a 
Hole in the, Middle, upon which Plate the 
Receiver MN is placed. From this Hole 
\inder the Receiver there is a Perforation or 
Canal through the Brafs to the fore Part O, 
where there is adapted a Screw to let the 
Air in^o the Receiver when exhaufted. 

37. From the above-mentioned Canal, 
there is alfo a Perforation through the Brafs 
to the Center of the Bafis of each Barrel, 
\n \vhich Center there are Valves' open- 
ing 
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ing upwards to give Paffagc for the Air in- 
to tlie Barrels \ and in each Piilon there is 
another Valve opening upwards alfo, that 
the Air now in the lower Part of the Barrel 
may efcape that way out into the common 
Air. Hence the Rationale of Working in 
this Pump muft be very plain. 

38. For each Pifton, being nicely fitted to 
the Barrel, and working in Leather and Oil, 
is very jiir-tight ; and therefore when lifted 
from the Bottom of the Barrel, the Column 
of Air above is lifted up, or off from the 
Valve ; and the little remaining Air in the 
Barrel below being thus greatly rarified, its 
Spring is but weak, and therefore the Air 
from the Receiver muft neceflarily nifla in 
under the Valve to make the Air in the 
Barrel of the fame Denfity. Then when 
the Pifton is forced down, the Air below 
can't go back, but will be condcnfed and 
rufti upwards, and get under the Valve in 
the Pifton into the open Air. And thus each 
Stroke of thePiftons diminifhes the Air in the 
Receiver till the Whole be nearly exhaufted. 

39. On the Middle between the two Bar- 
rels there is a Hole in the Brafs communi- 
cating with the Receiver, and over this Hole 
is placed a fmall Receiver P Q^ and under 
it a fmall Bafon R with Mercury, in which 
a fmall Tube R S, fealed at the Ehd S, 
and filled with Mercury, is inverted. And 
« the Air is taken out pf this fmall Receiver 

F 4 at 
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at the fame time as the lai^ie one is exr-' 
haufted, the Approach towards a Vacuutn 
will be clearly fccn by the gradual Dcfcent 
of the Mercury cat of the Tube into the 
Bafon. And fuch is Ae Struifture and Fqrra 
of an j^ Pump J that contains no Parts but. 
what are effenttaU and therefore cannot ad--, 
mitoffdrtberRedvMion. Indeed one Barrel may 
l?e made to anfwer the End of two ; but thofe 
who ptefer that Simplicity of Strucfbire will 
find they muft pay dear for it. 

40.. I fhall now proceed to give an Ac-r 
count :of the capital Experiments which are 
ihewh upon this Pump; and' firft,' a imall 
Glafs is inverted ov^r the Hole of the Plate, 
and . the Air within exhaufted i it is then 
prefied very faft to the Plate by the Weight 
of the incumbent Air, and requires a great 
Fprce'topuU it up. . . 

41. That this is not owing to any thing 
within the Glafs> drawing it down thro* the 
Hole, and which is commonly hi^z^SuSliony 
is thus proved ; let the Glafs be. fet inverted 
on one Side the Hole, and covered with ^ 
Receiver; then upon exhaufting, die Air 
will get out of the fmall Glafs by its Spring \ 
when the Air is let in again, \% will fall up- 
on the fmall Glafs<^ and prefs it dowsii as fait 
as before. 

42. The Manner in which the Air dif- 
chai'ges itfelf from any Body, is (hewn by a 
krge empty Glais Bubble with a Neck^ im* 
merfed in a Glafs of Water; and then co- 
vered 
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vered with ^ Receiver: Upon cxhaufting the 
^ir^ will be feen to throw itielf out through 
the Watef irt a ple^fant M&nn*, and upon- 
lettkig the Air in» again it will fall on the 
Water, and forc^ it into ii\t Bubble, fo that 
the remaining Air is now edmpreffed into ^ 
«efy findl Space at the Tdp. 

43. Then to ihew that the Force of the 
Airs Spring is equal to that of its Prejfure^ this 
Glafs Bubble of Water and Air is placed un- 
der the Receiver upon an empty Glafs ; and, 
upon e^haiiftfng^ the Air^ the Air Bubble 
abcJve the Water will ^pftild itfelf by De-. 
grees, a!i!id'all the XVatW will ciefcend which, 
was driven irito it by the Air's Preffure. 

44. {n like Manner, there is a Bubble of 
^ir contained in the great Efid of an- Egg, 
betwixt thfe Skin and the Shell ; if therefore 
a Hole be made in the little End, and the 
Egg placed on a Glafs under the Receiver, 
\t will appear, that upon pumping, the Air 
will expand itfelf fo far asto^ drive out all 
the Cbnrents of thte Egg thVo- the Hole in 
the little End. . . - 

45. And by taking <Sff half the Shell, put- 
ting the Remainder under the Recf iver, and 
cxhaufting the Air, ^e Air that is contained 
under the Skin (or Futameii) will raife it up . 
and protrude it^ fometimes fo far out as to 
refemble an entire Egg. 

46. If an Egg be put into a fmall Jar 
of Water^ and covered with thfe Recipient, 
Vpoji exhaiifting you will fee the Air in a 

very 
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very beautiful Manner rife in little Jets or 
Streams through the Water from the Pores 
of the Egg ; which fhews how the Air by 
the natural Heat of the Weather gradually 
efcapes from the Egg, by which Means it 
becomes by degrees 7?^?/?, putrid^ and addles 
and therefore to prefcrve Eggs good for a 
long Time, the beft way is to varnifli them 
over with a hard Varnifh, which will glue 
up the Pores, and prevent the Air in the 
Egg making its Efcape. 

47. If a (hrivelled Apple be placed under 
the Receiver, and the Air exhaufted, the. 
Air contained in the Apple will e;Kpand it- 
lelf and the Apple, and thereby caufe the 
Wrinkles to difappear, and the Apple will 
now appear plump and fair as when firft 
gathered. Upon letting in the Air, the 
Apple ' becomes again fhrivelled^ and. more 
fo than at firft. 

48, If fuch an Apple be pricked full of 
Holes with a Pin, and put into the Jar of 
Water under the Receiver, and the Air ex- 
haufted, then great Nunibers of fine Jeti 
of Air will be feen to rife from the Apple 
through tjie Water, as before in the Eggj 
which will all diftppear by letting the Air 
in again. 

. 49. If a Jar of clear Water be placed un- 
der the Receiver and the Air exhaufted, thQ 
Bubbles of Air contained in the Water will 
pow begin to expand themfelves, and arifq 
7 ia 
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in great Plenty from all Parts of the. Water, 
and in.a very vifible Manner. 

50. If a Jar of new Beer or Ale be placed 
under the Receiver, upon exhaufting, the 
Air in the Beer will sife in a very copious 
Manner from all Parts, and expand into in- 
numerable Bubbles, which, as they are lined 
with the vifcid Particles of the Beer, will 
be thereby prevented from burfting, as they 
do in Water, and by this Means they will 
appear in the Form of a large frothy Head 
to the Top of the Glafs. 

51. If fome very hot Water be put Into 
a Glafs Jar or Vial, and placed under the 
Receiver when the Air is fufficiently drawn 
out, the Heat will caufe the Air in the Wa- 
ter to expand itfelf into fuch large Volumes 
or Bubbles, and with fo much Violence, 

•as will put the Water into a great Agitation, 
and produce the Appearance oi Boiling to a 
furprifing Degree. A much lefs Degree of 
Heat being now fufEcient for that Purpofe, 
than when it is under the Compreffion of 
the Atmofphere, over the Fire, 

52. If a Piece of Wood of any Sort be 
fixed to a Weight, and immerfed in a Jar of 
Water under the Receiver, then upon ex- 
haufting, the Air contained in the Pores of 
the Wood will be feeh to arife from it in fo 
great a Quantity and fuch fine "Streams, as 
nearly refembles the Smoke from a Chim-r 
ney. , 
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53. If a long Piece of Wood be fixed 
with Leathers to thfcTop of an open Re- 
ceiver, fo that one Part be out, and'thct>ther 
in the Receiver) and immerfed in a Glafs of 
Water ; then putting your Thumb upon the 
Top of the Wood to fhut off the Air/ be- 

Pin to exhauft,' arid the Air contained in the 
ores, will be feen to rulh thro' the JW^ater as 
before; but, now lift u|) your Thdmb, and 
youll fee a vaft Quantity of Air flow thro* 
all the Length of the Wood from v^thout. 
And by moving the Thumb off and dn, fevc- 
ral Times, the Influx of. Air will as often 
appear, and be as often interrupted. And by 
jhis Experiment it appears, that there are ntx 
lateral Pores in the Wood by which the 
Air can enter into the Receiver, 

54. Again, fitting a Piece of Wood with 
Cement intobneEndof a wooden Funnel, and* 
placing it with Leathers on the Top of the 
fame Receiver, fill the upper and open Part 
of the Ferril with Mercury, then exbauft 
the Air from within, and the Air preffing 
on tlie Mercury without will force it thro' 
the Pores of the Wood in fuch fine Streams 
as will reprefent a beautiful Shower of Mer-^ 
cu?y in the Receiver. 

55* Let a Piece of Wood be cut fmooth 
at each End, and immerfed in a fmall Bafon 
of Mercury under the Receiver, upon ex- 
haufting, tlie Air will all fly out of the Pores 
through the Mercury 5 and letting the Air in 

again^ 
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again, it will fall with fo much Force upon, 
the Mercury as to inject it thro' all the Pores 
of the Wood fo very nicely, that the Wood 
will now appear quite bluey and be much 
heavier than before. 

56. If a Bladder nearly emptied of Air, 
and faft tied, be put under the Receiver, and 
the Air extradled; the fmall Quantity of 
Air reniaining in the Bladder will expand it 
by Degrees, and at laft fill the Whole to its 
utmoft Dimenfio^is. And indeed the fmall- 
eft Quantity of Air will fill the largeft Space 
by Expanfion. 

57. If the Hand be laid upon the Top. 
of an open Receiver, as the Air is exhaufting, 
you will obferve and very fenfibly fed the 
Spring of the Air iii the Hand, forcing the 
Flefh down ifito the Glafs y alfo the Weight 
of the Air on. the Back of the Hand will 
have a vifible Effedt in preffing dowft the 
Skin and Flefh between the metacarpal 
Bones. Thi§ Experiment fully explains the 
.Nature of Cupping. 

j8. The Weight of the Air is more di- 
redtly fhewn, and its Quantity eftimated, 
by weighing it in a Balance as, we do other 
Bodies. Thus a Florence Flalk with a. 
Valve fitted on, the;, Top is exhaufted under, 
the Receiver, and, while thus empty, it is 
equippifed with Weights in a tine Hydrofta- 
tJG Balance; then lifting up the Valve, the 
Air re-enters the Flafk, and, by. its Weighty 
3 ' carries 
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carries it down j then the Number of Grains 
put into the other Scale to reftore the Equili- 
brium is the Weigjht of that Air which fills 
the Bottle. ^ And this I find to be nearly 
Right Grains for a Pint ^ or a Dram iot a 
Galloni or an Ounce Troy for a Bujhel. - 

59. To Ihew the great Force of Com- 
preffion, I take two hollow Brafs Hemifpheres 
of 4 Inches Diameter, which contain a cir-* 
cular Area of 1 2 4 fquare Inches j thefe being 
properly put together and exhaufted, will 
require the Force of twojirong Men to pull 
them afunder; or 180 lb. to feparate them 
on the Steel-Tardri which is about 15 lb. to 
z fquare Inch (See Art. 32.). 

604 The Air is the Medium that propa^ 
gates Sound; as appears by placing a Bell un- 
der the Receiver; for then when it is rurig^ 
you fcarcely hear the Sound, even tho' the 
Receiver be not exhaufted ; but when the Air 
is drawn out, you can hear no Sound at alL 
Sound confifting in nothing more than a 
pulfive Motion of the Air, excited by the 
Tremors of the founding Body, and, ftriking 
upon the Drum of the Ear, puts the internal 
Air into Motion upon the Expanfion of thej 
auditory Nerve^ by which Means the Ideas of 
Sound are raifed in the Mind. 

'61. The Air is alfo neceffary for Fire ^nd 
Flame ; fince a Candle, live Coal, ^d in- 
ftantly go out under the exhaufted Receiver •- 
Alfo Gunpowder will not explode or flafti in 

*yaeuQ$ 
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vacuo J nor any Sparks of Fire be fcen from 
the Flint and Steel in that Cafe. 

62. But the greateft Neceflity and Im- 
portance of Air is for animal Rejpiration^ 
cfpecially all the larger Sort, which imme- 
diately die upon exhaufting it ; and though 
InfeSlsy Reptiles^ aquatic Animals^ &c. will 
not die (at leaft under a long Time) in Va- 
cuo ; yet they feem to undergo ,fomeN very 
painful. Senfations, when the Air is taken 
from them, as is evident from divers Expe- 
riments of this Sort. 

63. Though a common Animal foon dies 
by exhaufting the Air, yet if it be let in 
again before the Blood becomes ftagnant, it 
will expand the Lungs, and permit the Blood 
to circulate through them again ; upon 
which the Animal will revive, and appear 
in a few Minutes but little the worfe for 
fuch a temporary Death. 

64. If a Receiver be exhaufted, and the 
Air let in again through a Charcoal Fire^ it 
will thereby have its vivifying S^alitf de- 
ftroyed, fbr a Candle inftantly goes out in 
it, and a Bird falls down dead very fudden- 
ly ; It feems to be infe(fted like that we call 
Damps in the Bottoms of deep Pits, Mines, 
&c. which produce the fame Kind of Ef- 
fects. And it is known by too many In- 
ftances, how deleterious ^ Charcoal Fitt ren- 
ders the Air of a common Room when con- 
fined. It is remarkable that no common Coal 

or 
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or Wood FiT^. will produce this EiFedt ; and 
that the Air in paffmg thro' the Charcoal Fire 
has i»ne of its feplible Qiwiliticp altered. 

65. Laftly, that the lighteft Body falls as 
foon. as the heavieft in vacuo ^ is fhewn by 
a Guinea and Feather falling in the fame 
Time from 'the Top to the Bottom of a 
tall Receiver. For where there is no rejifi- 
ing Medium^ there can be nothing to caufe 
any Difference in the Time of the Fall, 
iince every Particle ijv both Bodies being 
urged with the fame Force downwards, they 
muil necefTarily all go with ^t, fame Velo^ 
city. 

66. Thefe are moft of the capital Experi--' 
ments of the Air--Putnpy and demonftrate all 
the important Properties of the Air. They 
who would fee much more may haveRecourfe 
y. ' to my Pbilofopbia Britannica. I fliall 

'^' ' conclude this Part with obferving to 
the Reader, that the Way in which the Air 
is exhaufted, may be rendered vifible to the 
Eye by the following Contrivance. Let 
A B C D be a Tube of Glafs, fcrewed in 
at the Bottom to a Receiver R, in form of 
a Cupping-Glafe. In this Glafe Barrel Ic* 
Water ftand o\^er the Valve V to the Height 
of about two Inches C E F D. Alfo let 
Water be put over the Pifton G H I K, to 
the Height L M ; then it is evident, that 
when the Pifton is placed on the Surface of 

Water 
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Water below at E F, and raifed up again, 
the Air from the Receiver R will ru£h up 
thro' the Valve V, and all the Water abo^e 
it in a very plealant and vifible Manner, to 
fill the Space below the Pifton. This Air 
mail again, upon the Defcent of the Pifton, 
rife up thro' its Valve, and all the Water 
above, as before ; all which is fo plainly re- 
prefented in the Figure as to require no fur- 
ther Defcription. 




Section 
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Section IV. 

Of the various Systems of the World, ^ht 
CoPERNicAN or Solar System proved 
. to be the only true one. T^hefame explained 
at large, fhe Difpofition, Number, Mag- 
nitudes, Motion, and Diftances, of the 
Heavenly Bodies. The Nature of 
Day and ^ I gut i the Vicijfitude of the 
Seasons; the Nature of 'Eci.ivsts.s -^ the 
Theory of CowErs; all illujirated by a cu-- 
r/^z/x Orrery, Planetarium, and Co^ 

METARIUM. 

1 npHE Subjea of this Scftion will be 
JL to explain the true Syfiem of the 
Worldj as it has been lately difcovered and 
demonftrated by the great Sir Isaac New- 
ton. By the Syfiem of the World^ is meant 
the Number, Difpofition, and Order of the 
Heavenly Bodies, both among themfelves, 
and with Refpedt to one central Body, about 
which the Motions of the Others are per- 
formed, and by whofe Power and Influence 
they are governed and regulated. 

2. The 
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2. The great Queftion in all Ages has 
been, whether the Earth or the Sun be the 
Center of the pianetary Motions i the Vulgar 
and illiterate Part ot Mankind declare for . 
the former ; but all the Skilful and, learned 
not only allert the latter, but can eafily 
prove and dembnftrate the fame. Oiir Senfes, 
indeed, reprefent the Earth the largeft of 
all Bodies, 'and at Reft; and the Heavenly 
Bodies fmall, and in Motion about it. But 
Reafon, Learning, and Experience all teach 
us the contrary ; and, at the fame time fhew 
us, that nothing can be more fallacious than 
our common Senfations of Motion,' Magni- 
tude, and Diftances of Bodies. 

3. This vulgar Hypo thefis of the Earths 
being the Center of the Syjiem^ was taught in 
former Times by an Egyptian Philofopher 
named Ptolemy^ and from him it is called 
the Ptolemaic Syftem. 'That which aflerts 
the Sun to be the Center,, is for^thftt Reafoin 
called the Solar Syftem \ and becaufe it \vas 
firft taught by the School of Pythagorasy 
and, when loft for many Ages,* was at laft 
revived by Copernicus ; and laft -of all de- 
monftrated and accounted for by Sir Ifaac ' 
Newton ; it has alfo been called the Pythago-' 
rean, Copernican, and Newtonian Syfiem of 
the World. 

4. The Indolence aild Inattention of People 
are generally the Caufe of their Ignorance ; 
and they who will not make Ufe of their 

G a Senfes 
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Senfes to difcovcr the Figure of the Earthy 
arc not much to be depended upon for the 
Rationale of a Planetary Syjlem. But to leave 
Reflcdtions, and come to Fafts : I have con- 
trived a Machine which. I call a Planetarium^ 
or Manual Orrery, that will at once repre- 
fent both the Ptolemaic and Newtonian Syjlem^ 
and fully and equally fhew the Faljity of the 
oney and the Truth of the other. 

5. In order to this, the Ptolemaic Syjlem is 
rcprefcnted having the Earth in the Center 

immoveable, about which, when the 
'^ '' Winch is turning, you fee the feveral 
Heavenly Bodies move in the following 
Order, viz. Mercury , Venus^ the Sun^ Mars^ 
Jupiter, and Saturn ^ juft as fhewn in the^ 
Scheme. Now in this Difpofition of the 
Planetary Bodies, feveral Things offer them- 
felveS at firft Sight quite oppofite to the true 
and real Phtenomena of the celeftial Motions, 
feme of wliich I ihall here fpecify, which 
will indubitably prove the Abfurdity and 
Falfity of this Syjlem. 

6. The firft is, that by this Hypothelis 
it is very evident that Mercury and Venus can 
never be feen from the Earth to go behind 
the Sun, becaufe both their Orbits are con- 
tained within that of the Sun i but in the 
Heavens we always fee thofe Planets go juft 
as often behind the Sun as before it. 

7. Secondly, according to this Scheme, the 
Planets Mercury and Venus, like all the Reft, 

may 
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may be in Conjun&ion and Oppojition to the 
Sun, or may be feen in any Pofition in the 
Heavens from the Sun. But this is quite 
contrary to Experience ; no Man can ever 
fee Mercury "21 more than about 21 Degrees 
from the Sun, and Venus never above 48, 
fo far are they from being in Oppofition or 
at the Diftance of 180 Degrees from the 
Sun. Venus is the bright Evening Star, 
which every one knows was never feen in 
the South y much lefs in the Eaji^ at Sun- Set. 
And Mercury is fo far from being feen in 
every Part of the Heavens, that he is very 
rarely ever feen by any-body. 

8. Thirdly J in this Vulgar Syjlem, it is 
plain, fince all the Planets are at an equal 
Diftance in every Part of their Orbits from 
the Earth ; they would neceflarily appear al- 
ways of the fame Magnitude : But this is 

* contrary to Experience, for we fee the Pla- 
nets,- elpecially Mars^ perpetually altering 
their apparent Magnitudes, which proves 
they are not always at an equal Diftance 
from us, 

9. Fourthly J according to this Scheme, 

tlie Planets, as they are always equally diftant ^ 
from the Eayth, muft always appear to move 
with equable or uniform Velocitiesy or never 
fafter or flower at one Time than at ano- 
ther I which is diredily contrary to what we 
obferve in every Planet of the Syftem. 

G 3 ID. Fifthly^ 
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10. Fifthlyy If the common Hypothefis^ 
were true, we ftiould fee the Planets always 
move one Way, or in one Direftion, viz., 
from Weji to Eajiy but, inftead of that, we 
obferve they fometimes move forwardsy 
fometimes backwards^ and fometimes not at 
allf but are Jiationary in the Heavens for 
many Days together- Thefe Things, with 
many more which we muft pafs by, plainly 
prove fuch a Syflem can have no Place v^ 
Nature, but is every Way repugnant to it, 
and therefore yi^. 

IK But now if we reftore the Sun to it& 
rightful Place, the Center of the Syjiem^ and 
,the Earth to its proper PJace among the Pla- 
nets, and thereby reprefent the Newtonian 
^yjlem upon the fame Machine, we j(haU 
fee every Phasnomenon of this Syflem in thq 
Planetarium agree with thofe of the Hea-^ 
venly Motions refpeftively y and not incum-? 
bered with the leaft Difficulty or Abfur- 
dity- . 

12. Thus, firftof all, v^^e obferve^ accord- 
ing to this Difpolition of the Planets about 
tl^ Sun, that to a Speftator at the Earth the 
Planets Mercury and Venics will be feen tQ 
go both before and behind the Sun, or to 
have two ConjunSlions with the Sun, but na 
Oppofition ; which are exadtly their Fbano- 
mena in the Heavens. 

13. Secondly, Let S be the Center of the. 
Sun ; and from the Earth © draw the right 

Lin? 
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Line © G, © H touching the Orbits of Afer- 
cury and Venus in the Points B and E i ^ 
then if Mercury hf^ at B, and Venus at E, ^ *' . 
they will there appear at the greateft Diftance 
^om the Sun ^at is poilible ; and the Angle 
3.^Q B^ being the greateft Elongation ofMef^ 
cfiryy is not above 21 Degrees; and that of 
Venus S © £ is but about 47. And this is 
cxa<9:ly agreeable to what we obferve of their 
Diftances in the Heavens . 

14. Thirdly y In the Newtonian Syftem^ 
you'obfefve all the Planets will have their 
Diftances from the Earth perpetually vary- 
iDig; and confequently their apparent Mag- 
nitudes will be always variable alfd. And 
this we obferve every Day in the Heavens ; 
thus when Mars at is M neareft the Earth ©, 
he appears near as large as Jupiter i but 
when at his greateft Diftance at R, you will 
fcarcely difcern him from a fixed Star^ but 
b)i his red Afped, The Surfaces of all 
Bq4^s dccreafing as the Squares of the Di- 
ftances increitie. Now © M is to © R as r 
tO'5 ; therefore the apparent Magnitude of 
JS(hrs \s 25 JTioies greater at M than R. 

1 5, Fourthly r In thi^ Scheme, as the Earth 
Q is not in thp Center of the Planetary Mo- 
tions, their '/r«^ Motions and Diredtions can-^ 
not be feen by us, but only their apparent 
onesi and thefe are often contrary to the 
other. Thus, for Inftance, while the Pla- 
net Venus is moving from F towards E, it 

G 4 will 
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will appear to a Spe€tator at the Earth ® to 
move the fame Way that it really does rttovc, 
viz. from Weft to Eaji-, but while it moves" 
from E to D it will appear to go back-* 
wzrds, from Baft to Weft. And thus in the 
Heavens, after Venus has gone forwards 
from the Sun to its greateft Elongation, we 
always fee it return again with a retrograde 
Motion to the Sun; arid the fame is ob- 
■ferved of Mercury ^ and of all the other 
Planets. 

1 6. Fiftbfyy In this Syftem, it is evident 
the Planets muft appear to move with very 
mequal Velocities ; for fince the Velocity is 
ih itfelf uniform, and fince it appears to de- 
fcribe the fame Arch in the Heavens in 
pafling from F to E, as it does iri paffirig 
ftom E to D, and E F is much larger than 
ED, therefore the apparent Velocity of its 
retrograde Motion thro*^ E D muft be much 
greater than that of its dire^S Motion thro* 
FE. And thus the Motions 5>f thefe Pla-' 
n^ts always appear to us in the Heavens. 

17. Sixthly y At the Points E tfnd B the 
Planets will appear to -\^ftationaryy or net 
to move at all for fome Time, becaufe the 
Diredtion of their Motion in thofe Points, 
for fome little Diftahce bii each Side, coin- 
cides with the right Line E and © B, 
which touch the Orbits. And agreeable 
hereto, we find the Planets in the Heavens 

always 
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always ftationary at their greateft Elonga- 
tion from the Sun. 

18. Seventhly^ According to this Syftem, 
if the Earth has a Motion about the Sun in 
its Orbit, then the Time between any two 
Conjundiohs of the fame Kind in Venus or 
Mercury' rnuft be longer than it would be if 
they were at Reft.; for in the latter Cafe, that 
Thne Would be equal to tht periodical Time of 
the Planet's Revolution; but fince the Earth 
moves 'as well as the Planet, that Time muft 
be greater than the Planet's Period. For 
fuppofe, while th^t Planet performs its Pe- 
riod, the Earth moves on from ©, then af- 
ter Venus has returned to P, it muft go on 

'ftill farther, fuppofe to L, before k comes 
again between the Son and the Earth now 
.atK. And this we always find to be the 
Cafe byXJbfervation ; which therefore plain- 
ly proves the Motion of the Earth about the 
Sun. 

19. Since then thisSyftem, and this only^ 
is every way coniiftent with the Phaeno- 
mena of the heavenly Motions, and by 
which they can be rationally accounted for ; 
it follows, that this only can be the true Syf- 
tern of the World. And indeed it is not only 
plainly demonftrable by the foregoing Obfer- 
vations, but it is fupported by the higheft 
Reafon. For fince the Planets revolve in 
circular Orbits about a central Body, they 
muft be conftantly defledled from their 

rights 
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righttline Dircdion by % centripetalForcetXr 
erted upon them by this central B^. And 
,as this attraSUng Force i§ well known to be 
proportional to the Quantity of Mafter, it is 
evident, the Quantity of Matter in the cen- 
tral Body ought vaftly to exceed the Quan- 
tity of Matter in any Body whofei Motioa 
it controuJs and governs. And therffore 
the Sun only^ whofe Matter is oiany thda- , 
fand Times greater ^than that of -all ^^ Pla- 
nets together, rauft nea«fiarily be appointed 
for this. Purpofe ; and mot omt incanjiderabie 
Globe (xf, Earthy which is near, a Million of 
Times lefs than the Stm, .and vaftly Icfs tKan 
Jupiter or Saturn. ' ' - 

20. Again it is cxtromdy abfurd on • an- 
other Accbunt to fuppofe aiiy other Body but 
the S<in fhbuld he mc Center of the Syftem '; 
fiGtf:thaSun only; is the; Origin and Fpuntain 
of Light, and theteforQ that this .nugbt be 
equally difpenied to the whole Syftem^/and 
jat all Times uniforniljRt to enlighten and 
animate the feveral habitable Globes^ it waS 
abfolutely necefiary to affign the Sun»a^f«r 
tral Situation, fincc no/.other could poffibly * 
anfwer that Eid r for were he placed be- 
tween Venus zxiii Marsi.zs in the Ptolemaic 
Scheme, thofe Planets would be fcorched 
with Heat at his neareft Approach, and be 
congealed to Stone at his greateft Retreat, 
And fuch would be the wretched State of 
the other Planets- in a great Meafure. ' 

21, This 
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?!• This 5jg^£W, therefore, as it is fo 
noble a Wdrk of Creation, and dilplays fo 
much of the infinite Wifdom and Power of 
God, deferyes a particular Defcription. Ac- 
cordingly I ihall give a fummary Account 
of the feveral Bodies of which it confifts, 
and the moft remarkable AfFedlions and Par- 
ticulars relating to each. 

22. The Sun is the central Body, and 
for that Purpofe is the btrgeft of all; ^fo very 
great is his Bulk, that his Diameter is- 
computed to be 822148 Miles, viz. -too 
Times -greater than that of our Eacth,' and* 
therefpfe his Billk a Million of Times greater 
than th^ Earth. The Surface of ^ the Sum, 
when viewed thro* a- Telefcope,_or in a dadc 
R.QOiBi, exhibits the Ap{)earanceof J^r^fciS^fi^ 
of different Forms and variable in Number, 
but ?lw^y? uniform in their Motion over 
the Sun's Diflc, which plainly proves the 
Motion of thq Sun about its Axis in 25 Daya 
nearly. ; Whgt thefe Spots may be, has not 
been yet difcovered,- 

2;^. The firft Planet in the Syftem is 
Mercury 5 , 2460 Miles inDiamcter, , *^' ^' 
and at the Diftance of 32 Millions of Miles, 
revolves ^about the Sun in 88 Days; this 
Planet is the leaft of all, and fo near the Sun, 
that it is feldom vilible to us, and we know 
but very little of it. 

24. Venus 5 is the fecond Planet, which at 
the Piftance of 59 Million of Miles revolves 

about 
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about the Sun in the Space of 224 -J: Days : 
it ii lefs than the Earth, but how much, 
is not certain. This Planet has a Mo- 
tion about its Axis in 23 Days, deter- 
mined by th^ Appearance of -a Spot on its 
Surface. Though it be a moft fplcndid and 
glorious Evening and Morning Star; yet when 
in its greateft Luftre not half its Surface to- 
wards us is enlightened; but when vie^^ed 
thro* a Telefcope it appears horned like the 
Moon at 4 or 5 Days old, 

25. The Earth 0, or terraqueous Globe, 
on which we live, is the third Planet in order 
from the Sun, and it is at the Diftance of be- 
tween 81 and 82 Million * of Miles from it; 
its periodical Time, or Revolution about 
the Sun, is in 365 \ Days, and about its 
own Axis it revolves in i Day or 24 Hours, 
nearly. Itis796oMiles inDiameter,and about 
25000 in Circumference/ It is the firft 
Planet in the Heavens that is attended with 
zMoon or Satellite^ of which more hereafter. 

26. MARS(J,thefourthPlanet,attheDif- 
tance of 1 23 Millions, revqlves about the Sun 
in 687 Days. It is lefs than either the Earth 
or Venusj. being no more than about 4444 
Miles in Diameter. It has always a red or 

• The Diftances of the Planets from the Sun, as here 
ftated, are deduced from the Sun's Parallax being fuppofed 
10 Seconds ; whereas from the late Tranfit of Venus fome 
have computed it to be o^ Seconds, and others but 8^ ; 
and while there is fuchlmcertainty, we flwU let our Num- 
bers remain without Alteration. 

fiery 
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fiery Afpeft 5 has no Moon attending it, nor 
any Thing clfe remarkable about it. 

27. But Jupiter v» the 5th Planet, is the 
moft confiderable of all, efpecially in regard 
of his Bulk, as being no lefs than 8^1,000 
Miles in Diameter ; and therefore his Body 
or Globe a thoufand Times greater than 
that of the Earth. The Diftance of Jupi- 
ter from the Sun is 424 Millions of Miles, 
and it revolves about the Sun in 4332 |. 
Days or almoft 12 Years. It is attended 
with 4 Moons ; and with a good Telefcope 
it appears to have fome cloudy Streaks or 
Belts croffing its Difk, but what they are 
is not known. 

a8. The moft remote Planet of the Syf- 
temisSATURN b, at no lefs than 777 Millions 
of Miles ; it revolves about the Sun in 1 0759^ 
Days, or in nearly 29 Years; and its Bulk 
is not very inconfiderable, being about 
d8,ooo Miles in Diameter. It is attended 
with J Moons, and befides them it has a 
very large Ring encompaffing its Body at 
the Diftance of 20,000 Miles, which is 
alfo the Breadth of the Ring ; but what this 
wondrous Phenomenon is, has not as yet 
been difcovered. 

29. The Moon which belongs to our 
Earth is at the Diftance of about ' 240,000 
Miles ; and revolves in the Space of 27 
Days 7 Hours and 43 Minutes. This is 
called the periodical Month i but the 't'ime 
which pafles jietween two new Moons is 29 

D. 
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D. 12 H. 44', and is called d Synodiad 
Month; £or the Reafph of which DiSfefence 
fefc J^r/. 18. The Diameter of the Moon 
jis abeut,2i75 Miles ; the Moon is there* 
fore about 50 Times lefs than the Earth. 

30. The Reafon why the MojOh alw^yts 
Jhews the fame Face to the Earthy is, be- 
caufe it turns round its own Axis in the fame 
Time that it revolves about the Earth. And 
the Reafon of its doing this, is, becaufe the 
Earth's attraSting Power governs not only 
the Motion^ but alio the Fiction of the 
Moon ; for as it a<fts always uniformly, fo 
whatever Part of the Moon did at firft 
turn towards the Earth, it muft always keep ' 
towards it of Courfe j and the Manner how 
this is done, I {hew by a new Contrivance 
in the Planetarium^ 

31. The Motion of the Moon about the 
Earth is extremely irregular, which I have 
elfewhere accounted for. The Phafes of 
die Moon are all exhibited, and the Reafon 
of them clearly feen while the Moon re- 
volves about the Earth in the Orrery. 
The Surface of the Moon , appears through 
the Telefcope very uneven, being in ibme 
Parts fo vaftly mountainous, that fome of 
the Hills are at leaft 9 Miles high, and the 
Vales, or rather Pits, fo large, as to be 
2 or 300 Miles over, and as many deep. 
There appears nothing like an Atmofpbere 
about the Moon, nor Clouds^ nor confe* 

3 quently 
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quently have they any kiiKl of Meteors i 
and therefore iht Inhabitants of the Moon 
muft be quite of a ^iffereoat Natiire frpiji us. 

32. As to EclijpiteSi they happen in thef 
Sun only, by the Mootfs intervening be-- 
tween it and the Earths \ by which Qieans the 
Shadow of the Moon falls upon the Earth 
when the Latitude and Diftance of the Moon 
do not prevent it, by elevating the Moon 
above, or depreffing it below the J^arth, 
in or near the Time, when it is new 3 for 
then only can an Eclipfe of the Sun hap- 
pen. The Shadow of the Moon is of two 
Sorts, vi^. Total or Partial I whoever lives 
on that Part of the Earth's Surface, where 
the total or dark Shadow falls, fees the 
Sun tot/illy eclipjed\ thbfc, in the partial 
Shadow or 'Penumbra^ fee the Sun eclipfed 
in Part only : And there is a third Cafe, in 
which the Shadow does not reach the Earth, 
and produces an annular Eclipfe of the Sun. 

33. On. the other Hand, an Eclipfe of 
the Moon can only happen when the Earth 
is intefpofed between the Sun and it ; for 
then, if the Latitude of the Moon does 
not prevent, the Shadow of the Earth may 
fall on the Moon, and thereby caufe either 
a partial or total Ecliffe ; and confequently 
thefe lunar Eclipfes can happen only at or 
near the Time of the full Moon. And in- 

. deed, if the Plane ot the Moon's Orbit 
was coincident with the Plane of the 
Earth's Orbit, there would be always a fo- 

'lar 
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lar Eclipfe at the new Moon^ and a lunar 
Ecliffc at i^fulL The Maimer how all 
this Affair of Bclipfes is occaiioned> will 
apprar very plainly in the Machine. 

34. The next Planet to our Earth which 
we find attended with Moons, is Jupith-^ 
there have been 4 difcovered, and may be 
eaiily feen through the Telefcope in a clear 
Night ; their Diftances from Jupiter ^ efti- 
mated in Semidiameters of his tiody» and the' 
Times in which they revolve, are as follow* 

Satellite Semid. Days H. '. 

I • - 5 -rrf -- ' I : 18 : 27 

2-^9 - - 3 : 13 : 13 

3 - -*i4-.% - - 7 • 3-42 

4 - - 25 J^^ - - 16 : 16 : 32 

J 5. In Saturn, beiides his Ring, we 
fcover 5 Moons or Satellites revolving 
about him, whofe Diftances, eftimated in 
Semidiameters of his Ring, and the Times 
of their Revolutions, are as follow. 



dilcc 



Satellite 


Semid. 


Days 


H. 


• 


1 — 


2 nearly 


I : 


21 : 


18 


2 — 


2^ -- 


2 : 


>7 • 


41 


3 - - 


l^ " 


4 : 


12 : 


25 


4 - - 


8 


• 15 ' 


22 : 


41 


5 - - 


23^% - - 


79 '• 


7 • 


16 



36. Thcfe Moons of Saturn being fb 
v^ry remote from us, cannot be feen but 

by 
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by a very good Telefcope, though the Ring 
may ; the Moons of Jupiter appear only 
as fmall Stars, and nearly in a right 
Line, becaufe the Planes of their Orbits 
are nearly the fame, and parallel to the 
Plane of the Earth's Orbit. As thefe 
Moons may be fometimes in the Shadow 
of their Primaries, fometimes behind and 
before them, and fometimes one may inter- 
cept the View of another, it muft happen 
that we can very rarely fee them all toge- 
ther. 

37. Such are the primary and fecundary 
Planets which compofe our Syftem. Of the 
Comets i fhall (peak by-and-by. Of all 
the primary Planets we know but little, exr 
cepting the "Earth on which we live. And 
here we fhall find feveral capital Phanome- 
na which command our Attention, and 
can only be explained (fo as to be clearly 
and rationally underftood) by the Orrery^ 
and Planetarium ; in which Machines four 
Motions of the Earth will be exhibited, viz. 

1. The annual Motion about the Sun. 

2. The diurnal Motion about its own Axis. 

3. The Motion about the common Center 
of Gravity between it and the Moon. 4, The 
Motion about the Axis of the Ecliptic. Of 
which in Order. 

38. As by the Day we mes^ri nothing but 
the Prefence of the Sun^ and by Nighty his 
Aifencei fo the general Caufe of Day and 

H Night 
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Night is nothing more than the Sun's fhining; 
on the Globe of Earth, by which Means one 
Hemifphere is enlightened, and the other 
dark ; and as the Earth revolves upon its 
Axis once in 24 Hours, it muft caufe every 
Part on the Surface to pafs thro' both the en- 
lightened and dark Hemifphere in that Time, 
and fo muft necefTarily ptoduce an Alterna^ 
tioh of Day and Night Xo every Place. And 
if the Circle^ which bounds the light and 
dark IJemifphere, pafs through the Poles of 
the Earth, it mmft occafion the Day and 
Night to be of an equal Length. 

39. If the Axis of the Earth were al- 
ways perpendicular to the Plane of its an- 
nual Motion, then would the Sun appear 
always in the Equator, and therefore equal- 
ly diftant from all Parts of the Earth on 
each Side under equal Latitudes ; and con- 
fequently there muft be in every Latitude 
one and the fame Seafon of the Year per- 
petually'. 

40. But if the Earth's Axis be inclined 
to the Plane of its P/Iotion, and be kept. 
always in a Pofition parallel to itfelf, while 
it revolves about the Sun, then in this Cafe 
one End of the Axis will, in one Pofition, 
be inclined to the Sun, and the other will 
be turned from it; the former will be iii- 
eluded in the enlightened Hemifphere, the 
latter in the. dark one. And the Earth re- 
volving about its Axis, will* oCcafit^n every 

Part 
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J^art about the Pole in the enlightened Hemi- 
fphere to defcribe a larger Part of its Circle 
in the light, than in the dark Hemifphere ; 
and consequently Will maie the Day longer 
than the Night in all thofe Places* And 
juft the contrary will happen with refpeit 
to the Parts about the other Pole, or Ex- 
tremity of the Earth's Axis, 

41. To illuftrate this Matter, let S 
be the Sun illuminating the Earth in '^*^' 
three different Positions in its Orbit, denoted 
by I, 2> 3. Let C B be perpendicular to the 
Plane of the Earth's Motion, and let the 
Axis of the Earth N S be inclined thereto 
in an Angle NAC = 23^ 29', and be 
always in a parallel Pofition. Then it is 
eviderit> that the North Pole N, and all 
about it from N to C, or 23^ 29', will 
be in the enlightened Hemifphere C E B in 
the 3d Pofition, And the South Pole S, 
and the Parts --about it, will be in the 
dark Hemifphere .5 juft the contrary of all 
which you obferve in the 1 ft Pofition, But 
in the 2d Pofition, as the Circle which 
bounds the Light and dark Hemifpheres, 
paffes thro' both the Poles N, S, it .will 
caufe that the Parts ^ about each of them 
will be equally enlightened • 

42 • Hence every Part in all the Northern 
Hemifphere E N Q^being turned to the 
Sun in the 3d Pofition, will have the Days 
longer than the Nights 3 thus fuppofe D H 

H 2 be 
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be the Semicircle, which the City of Lon* 
don defcribes by .the Earth's diurnal Rota- 
tion between Noon at D, and Midnight at 
H, it is plain the Length of the Day repre- 
fented by D G is much longer than that of 
the Night GH j and it is as evident that 
the Night will be longer than the Day to 
airPlaces in the oppofite or Southern He- 
mifphere E S Q^ia 'this Polition of the 
Earth. 

43. Again , the Earth in the i ft Pofition will 
have all the Northerti Hemifphere E N Q^ 
turned from the Sun ; and the North Pole 
N, and all about it to C, for 23^ : 29', 
wholly in the Dark ; and every Place, as ' 
London in the Parallel D H, will have the 
Night D G much longer than the Day 
G H ; and the fame Arch that meafiires the 
Lcpgth. of Day and Night in one Pofition, 
meafurcs the Night and Day in the other. 
The Southern Hemifphere E S Q^s turned 
to the Sun, and every Place therein has the 
Day longer than the Night. 

44. In the 2d Pofition the Circle bound- 
ing Light and Darknefs pafles through botli 
the Poles, and muft thereby neceffarily make 
Day and Night equal in every Place on the 
Globe. This can happen but twice in the 
Year, and thofe two Days are called the 
Equinoxes J viz. the aift of March, and 
23d of September. Thus all the Variety 
that happens with relpedt to Day and 

Night, 
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Night, wiH be clearly feen, and moft cafily 
apprehended from the Motions of the Earth 
in the Orrery. 

45. To the fame Caufe alfo, viz. the 
oblique Pofition of the Earth's Axis N S to 
the Axis of the Ecliptic C B, we owe all 
the agreeable, Alternations and Viciflitudes of 
the Seafons. Tor in the 3d Pofition as all 
the Northern Hemifphere is turned to the 
Sun, we may pbferve; i. That the Sun- 
Beams fall more directly upon it 3 and there- 
fore ftrike with a greater Force. 2. A 
greater Number of Rays will fall on a given 
Space ; and. therefore the Heat will be the 
greater. 3. The Rays in this Cafe pafs 
.thro' a lefs Quantity of the Atmofphere, and 
fo their Adtion will be more intenfe. 4. 
The Sun's Prefence exceeds his Abfence 5 
and therefore the Light and Heat of the Sun 
will on all thefe Accounts make this the 
jnpft ligbtfome and hotteft Seafon of the Year, 
and what we call Summer. 

46. On the other Hand, in the lower 
Part of the Earth, all about the Southern 
Pole to the Antarftic Circle B, is in the dark 
Hemifphere ; the Sun-Beams are very weak, 
and of fhort Continuance, in the Southern 
Hpmifphere E S Q^ and there make the 
cold and dreary Seafon we call. Winter. 

47. In the firft Pofition, every Thing is 
juft the reverfe ; in all the Northern Lati- 
tude from Qjo N it is Winter -y and in all 

H 3 the 
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the Southern from Qjo S, it is Summer ^ for 
the Reafons above afligncd, And fince in 
the 2d Pofition the Sun enlightens the Globe 
from Pole to Pole exactly, the Heat niuft 
neceflarily be there in a mean Degree, and 
make the Middle of the Seafons we call 
Spring, and Autumn. All which is very 
clearly explained and illuftratcd in the Orrery;. 
and Planetarium. 

48. Befidcs the annual andidiurnal Motions 
of the Earth, there is another, which is a 
conical Motion of the Earth's Axis, by 
which the Poles of the Earth revolve abou'^ 
the Poles of the Ecliptic in A retrograde 
Manner, and fp very flowly as to amount t0 
no more than onelXegree in 72 Years, or one 
Revolution in near 2600 Years. And there- 
fore in the Space of a few Years it is alto-^^ 
gether imperceptible. 

49. Yet as in a long Courfe of Time it 
becomes very fenfible, and induces very cour 
liderable and momentous' Alterations and 
Changes in the prefent (and feemingly con- 
ftant) State of Nature ; I fhall cpntrive by 
♦a Diagram to reprefent it very plainly, 
tho' it cannot be fo completely conceived as 
by feeing it actually performed in the Plane-a 
^, tarium. Let E N QS be the Earth ; 

'^* • ' E Qjthe Equator ; N S the Axis of the 
Earth making an Angle N C P of 23 4- 
vv^ith the Axis P L of the Ecliptic ; TR is 
the Tropic of Cancer, B D that of Capri- 
corn J 
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corn; and Pr, ^L, the two polar Circles 
in the prefent Pofition of the Earth's Axis. 

50. N9W the Earth's Axis N S is always - 
in Motion upon the Center C, moving hack- 
wards in fuch Manner as to defcribe the Sur- 
face of a Cone N C ;^, in the doing of which^ 
it will by its Dire6tion continued to the Stars, 
defcribe among them the Circle W X Y Z, 
whofe Diameter is 47 Degrees of a great 
Circle. In Confequence of this, the Star W, 
which is ,at prefent nearly over the North 
Pole N, will be in Time deferted by the 
Pole N, which by this conical Motion will 
be carried backwards, and after about 6500 
Years it will be diredled to a Star X, which 
is now in the Eaft, and this will then be 
our North Star. 

51. After this in 6500 Years more, the 
Axis of the Earth will get into the Situation 
nsy and point to the Heavens at Y, which" 
will then be the North Pole^ 47 Degrees from 
the prefent North Pole at W ; and 8 i De- 
grees South of the Zenith oi Londpriy whofe 
Parallel or Path is GH. After this, it will 
recede in the fame Time to Z, in the pre- 
fent weftem Pirtof the Heavens, andrfearly 
there it was at the Creation, or about 6000 ' 
Years ago ; fince which Time it has crept 
backward to W, where it now is. 

52. By this Motion of the Earth, as each 
Part of its Surface is flowly turned about 

' backward from Eaft to Weft, the Stars will 

H 4 all 
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all feem to move forwards from Weft to 
Eaft in the fame Time ; and hence it is that 
they are conftantly changing their Longitude 
in the Ecliptic ^ and Declination from the 
Equator. And thus the Conftellation which 
was formerly in Aries is now in ^aurujf; 
that of Taurus {^ no\v in Gemini', and fp 
of the Reft. 

53. Hence alfo it is, that as the equi- 
noctial and folftitial Points are carried back- 
wards, the Sun will arrive to them each 
Year fooner than if they were at Reft, and 
confequently make what we call the Pre--, 
cejjion of the Equinoxes \ becaufc the Time 
of the Equinoxes each Y<?ar v/ill precede the 
Time in which it happened the Year be-*^ 
fore* 

54. Hence all the Seafons of the Ye^r 
• will have a retrograde Motion thro' all the 

Months pf the Calendar ; and it is "eafy to fee 
from the Figure, that there is in the Space 
of 1 3000 Years fo different a Pofition of the 
Circles of the Sphere with refpeft to the 
Ecliptic, that in the prefent Pofition the 
Tropic of Cancer T R touches the Tropic of 
Capricorn bd 2X the End of that Period ; 
whence it appears the Sun is now in that 
Part of the Ecliptic on the longeft Day> 
where it will then be on the fhorteft, and 
%ice verfa. , 



sh 
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55'. The Caufe of this Motion of the 
Earth, Sir Ifaac Newton has fhewn to arife 
from the Figure of the Earth not beingj^i^^- 
rical or truly globular^ but of an oblate Form^ 
having the Diameter E Q^of the Equator 
longer than the Axis N S by about 80 or 
90 Miles. Alfo that this was owing to 
the centrifugal Force (arifing from the diur- 
nal Rotation) being much greater in Parts 
near the Equator than in thofe towards the 
Poles. 

56; We come now to contemplate the 
Motion of Cornets, which make a very 
wonderful Part of the Solar Syjiem. Thefe 
are a Sort of Planets, ' quite difFerent from 
thofe we have. been fpeakingof, as they are 
capable of fuftaining the greateji Alterna^ 
tions of Heat and Coldy and revolving about 
the Sun in very eccejitric Orbits. They ap- 
pear furrounded with a large and denfe At- 
mofphere, which when near the Sun be* 
comes greatly heated, raifed, and expanded 
into a furprifing large and fiery Vapour, or 
Tail, which makes / it appear a blazing 
Star. 

^y. With refpefl: to the Caufe and Man- 
ner of a Comet's Motion, we are to ob- 
ferve that tho' the Form of its Orbit be very 
elliptical, yet the Motion in that EUipfis 
U the Refuh of two Forces ading uppn the 
2 Comet 
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Comet (as well as in the Cafe of a Planet) 
wz. One a projeSiiJe Force^ which would 
alone carry it from the Sua in a Right-^line j 
and a centripetal Force (or Gravity) by 
which alone it would be carried diredtly 
to the Sun. Now in the Cafe of a Co^ 
met, both thefe are fo compounded toge-* 
ther as to make it defcribe an Orbit more 
or lefs elliptical about the Sun, or Center 
of Force, 

J 8. But to be more particular, let A F P C 
be the elliptic Orbit of the Comet C; C T 

^ its Tail, A its Aphelion or greateft Dif- 
: '^' ' tance, and P iX^ Perihelion, or leaft Dif- 
tancc from the Sun S. Now the Power of 
Gravity upon the Comet every where de-* 
creafes as the Squares of the Diftances in- 
creafe. So that if S A be lo times S P, the 
Gravity at P will be loo times greater than 
-at A; and therefore the Velocity of the Comet 
•at P, and in all Parts about the Sun, is vaftly 
greater than in the remote Parts of the 
Orbit, and at A, where it moves floweft 
of all. 

59. If we fuppofe the Comet defcribjes 
the Arches P B, B D, D E, in the fame or 
equal Times, then will the Areas P S B, 
B S D, D S E, be equal to each other; which 
is the conftant Law of all the planetary Mo- 
tions. The Reafon why the Comet does 
not go quite away from the Sun at A is hc-^ 

ci^uf<3 
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^ufe the Force by tvliieli it goes off from 
|:he Sun deicreafesj in receding frpm ,the 
3un in a much greater Proportion than<5ra-^ 
yity, by whkh It is therefore made to turn! 
round at A,-iitid again to apprbadhthe Sun. 
And at P, the ^ame Force prevails over' ther 
Force of Gravity, and prevents ?ts falling in- ^ 
to the Sun, by v^rhirling it fwiftly round in 
fhatPart, 

60. There have been a great Number of 
Comets obferved from time to time; but 
tho* it be fufficiently difcovered that they 
move about the Sun in the Manner above 
explained, yet fcarcely any of them have^ 
been obferved to return often j and only one 
fo often as to have tJbe periodical Time of 
R€volu|:io^ and Form pf its Orbit determined 
with Certainty. This Comet has appeared 
fix feveral Times^ at the Interval of 75-1 
Years; and the laft time it appeared was 
j^n. Dom. ly^y & 58^ exaftly agreeable to 
the Predidlion of Dr. Hal ley. All thefc 
Particulars of a Comet's Motion are repre- 
fented to the Eye by the Cometariumj and 
exemplified at large inthe Comet laft-men- 
^ioned. Alfo by a new Conftrudion and 
Elevation of the Plane of this Comet's 
Orbit, and in a large Copper-plate, in- 
tituled, * The Wonders of the Comet ary 
f WoRLj) difplay'd, ^c\ by which it wilt 
appear how enormoufly large their Tails are ; 
^nd by what a fignal Providence we are con- 

* ftantly 
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ftantly preferved from the deftruiSHye Shock 
of thp/e flaming Vapours, when they tran- 
fit the Earth's Orbit with a ftupendous Ve- 
locity. For more on this Subjed:, fee my 
New Theory of Comets demonffrated, 
and exemplified by Calculations. 




?r- 
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Section V. 

T^he Nature of Fluidity, ^W Fluid Bodies 
explained \ the Hydcpftatic Paradox 5 the 
Nature ^/^ Sinking and Swimniing; the 
Specific Gx^s\xvt% of Bodies by theHy^ 
DRosTATic Ballances the life of the 
Hydrometer; of Aqueducts and 
Fountains ; the Theory g/" Pump- work 9 
feveral curious Sorts of Pumps ; the 
Theory of the Tides i Newfhanis Water- 
Engine, Gfr. 

I. riP^HIS Section is intended to explain 
JL and iUuftrate that Part of Natural 
Philofophy which is called Hydrosta- 
tics, and which treats of the Nature and 
Aftion of Fluid Bodies^ and the Con- 
ftrudion and Rationale of fuch Inftruments 
and Machines as depend upon their peculiar 
Properties. The Definition of a Fluid is 

• A Body whofe .Parts move freely among 

themfelvesy and therefore yield to the leaji 
Force that is imprefjed upon them, more on 
one Part than another \ for if the Force be 
uniformly exerted overfall the Surface, no 
Particle can poffibly move. 

2. The 
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2. The Reafon of this Definition is de-^ 
rived from the Nature of the Thing y for it 
has been fhewn in the Firft Scdion, thdt 
the Power of Cohefion unites and binds the 
Parts of Matter together with various De- 
grees of Force, in proportion as they touch 
by a greater or leis Quantity df Surface; and 
confequently thofe which touch by the leaft 
Nuiaber of Points, muft be moft free to 
move among themfelves by any Force inj- 
preffed, and therefore muft conftitute a fluid 
Body in the moft perfed: Degree. 

3. In order that the Particles of Matter 
may touch by the leaft Quantity of Surface 
poffibk, their Figure mufi be perfeBly round 
and fpbericaL Hence it follows that fincc 
even in fpherical Particles there will be a 
fmall Degree of Contafl:, and, confequently^ 
of Cohefion or Tenacity, there is no Body 
in Nature abfolutely fluid i unlefs it can be 
fhewn, that the Particles of feme fluid 
Bodies do not aftually touch each others 
and indeed thefe are not wanting Experiments 
which favour fuch a Conclufion. 

4. However that Matter may be, we 
have Bodies fo far fluid as to acquire by that 
Means fome very peculiar, wonderful, and 
ufeful Properties, and the Manner of aftiftg 
quite different from foM Bodies, Indec^d 
both folid and fluid Bodies aft only by Pref- 
fure arifing from the Gravity of their Parts ; 
but then in Solids, this Adtion or PreflTure 

3 is 
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U only in one Direction, -viz. perpendicularly 
dowfiwardsf and in proportion to the S^uantity 
of Matter. Whereas Fluids prefs not in 
one only, but in every DireSiion^ upwards, 
downwards y zxAfideways^ equally ; and that 
with a Force not proportional to the Matter, 
hut to the Height of the Fluid. 

5. The natural Reafon oif this is evident ; 
for fince every Particle is quite free to move, 
and all prefs each other on every Side and 
in jail Diredtions, it is plain, if any one Par- 
ticle or more were prefTed on one Part 
more than another, they would inftantly 
move, and continue their Motion till fuch 
Time as they acquired a Situation where 
the PrefTure is on every Side equal ; and in 
that Cafe only, the Body of the Fluid could 
attain its natural State of Reft. 

6. That the PrefTure of Fluids is every 
Way and in all Diredions equals may and 
will be fhewn by divers Experiments in the 
Sequel of this Sedtion, There is no Need 
of an Experiment to prove the Preffure 

of Fluids downwards. But their Pref-* '^' '' 
fure upwards is a Matter not fo weU known 
or eafy to be conceived, and therefore I (hall 
make it plain and evident by the following 
Experiment, ABC is a tall Tube filled 
with Water near the Top, into which a 
fmall Tube D C is immerfed with its open 
End C downwards, the other End D being 
hermetically fealed, 

7. In 
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7. In the lefTer Tube, the Water is fcjen 
to rife to the Height C E, which diredly 
demonftrates a perpendicular Preffure of the 
Water upwards in the Tube ; becaufe as the 
Tube is full of Air when immerfed, and 
llie Air is a fpringy Body, it would by vir- 
tue of its Spring refift the Water and pre- 
vent its Entrance into the Tube, were it 
not that the Water prefles againli the Air 
with a greater Force, and by that means 
caufes the Air to retreat from the Orifice up 
into the Tube fo far, till its Denfity makes its 
Spring equal to the Force of Preflure in the 
Water, and then it can rife no higher. 

8. That this Preflure upwards at the 
Point C is equal to the PreflTure downwards 
at the fame Place, will be (hewn farther on. 
And fince there is known to be a Preffure 
upwards and downwards equally in every 
Part, and alfo that the Force with which 
fluid Particles prcfs, or are preflTed, is on 
every Part equally the fame {Art. 4. 5.) it 
follows, that there is a Preflure in Fluids 
laterally or fide ways, and every Way equal to 
the Gravity^ and proportional to the Height 
of the Fluid. 

9. But what is fl:ill more wonderful, and 
defervedly called the Hydrojla^ic Paradox^ is, 
that this Prejfure of Fluids is proportional 
to the Height of the Fluid oniy^ ^without any 
Regard to the Quantity thereof \ or, in other 
Words, while tUe Bafc or Bottom on >vhich 

the 
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thfe Fluid prcffes remains the .fame, if th€ 
Height of the Fluid be increafed, the Pref-* 
fure on the Bottom flhall be increafed in the 
fame Proportion, though the Quantity of the 
Fluid be the fame all the while. And this 
is clearly evinced by the following Experi- 
ment. , 

I o. Let A B C D be a hollow Cylinder of 
Brafs, Glafs, ^c. within which a Blad- . 
der containing Water is freely fufpcnded 
by a Brafs Top at A B^ and having a Brafs 
Bottom abG *i in the Middle of which at G 
is fcrewed a long Brafs Wire GH hanging 
to the Hook of a Steel- Yard at H ^ about 
this Wir? is fcrewed the tall Glafs Tube E F 
in the Center of the Top A B : When this 
Wire is^difengaged from the Steel -Yard, the 
Bottom of the Bladder is in its loweft Situa- 
tion cdy and the Water is juft {t^n in the 
Tube at E. Suppofe now the whole Quan- 
tity of Water A^^B were a Pint, or ona 
PjE>and. 

1 1 . Then upon hanging the Wire G H 
on to one Part of the Steel- Yard, and a 
Pound Weight on to the other, it is evident 
that Weight, by means of the Wire, will 
aft upon the Brafs Bottom ^r ^ in a Diredtion 
quite cpntrary to that of the PretTure of the 
Water; and confequently, where^ever the 
Bottom J ^ is at Reft, there will be an Equi- 
librium or Equality of Force between the 
Adion of the Weight and the Gravity of the 

I Water 
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Water upon it ; and fo the Preffure of thcr 
Water will be always exprcffcd in Pound 
Weights. Thus, fuppofe the Pound Weight 
were placed on the firft Divifion of the Steel- 
Yard, as the Water is alfo one Pound by 
Suppofition, it is plain the Bottom , will re- 
tain its Situation cdy and the Water will 
not be fenfibly moved upwards. But upon 
moving the Pound Weight to the fecond 
Divifion of the Steel- Yard, it will ad: upon, 
the Bottom with the Force of two Pound i 
and therefore fince the Water adls upon it 
with the Force of but one Pound, it follows 
that the Bottom will be drawn up,^ and the 
Water will rife in the Tube to a Height 
which is fuch, that a Cylinder of Wa- 
ter of that Height, and of the fame^ Bafe 
ab, will weigh juft one Pound. The faniie 
Quantity of Water, therefore, now preffes> 
the Bottom with double the Force as at 
firft. 

I a. If the Pound Weight be removed fuc- 
ceffively to the 3d, 4th, 5th, 6th, &c. Di- 
vifion^of the Steel- Yard, the Bottom wilt 
be drawn upwards with Forces which will 
be as 3, 45 5, 6, &c. Pound ; and therefore 
the Water will rife in the Tube to the^ 
Heights E 2, E 3, E 4, E 5, E 6, &c. whence 
it appears, that the Force or Preffure of Fluid* 
is every- where proportionable to the Altitude 
of the Fluid, and to that alone. Which was 
to be proved. 

I 
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13. The natural Reafon of this wonderful 
Phenomenon of Fluids is this, viz. That 
fince fhe Preffure of Fluids upwards at the 
lame Depth below the Surface is the fariid 
as downwards {Art. 6> 7;) the Water will 
.every-where prefs upwards againft the fixed 
Top of ^e Veflel A B, and upon the Whole 
wi«i a Force equal to the Weight of a Cylin- 
der cff Water of the fame Height of that irl 
the Tubci and Bafe the fame as A B, as is 
evident by the Experiment. Now Imce the 
Top A B is fixedi it will re-attft upbii th^ 
Water with juft the fame Force as the Wa- 
ter adts upon it^ and fo will, by this Re-^ 
aSiioni fupjjy the Waiit of Weight of fuch a 
Cylinderof Water as above-mentioned. This 
Force of Re-^aftion, theni joined with thtf 
Weight of the Water below A B, mu^t ne- 
ocflariiy be ^ faine upon the moveable Bot- 
tom abt ^ the Weight of a Cylirider of 
Water On the fanie Bafe and the Height of 
that ill the Tiibe. T'his Force of Re-aSiion 
will be fully explained in the next Seftion^ 

i^j By the fame Principle in Fluids, it is^ 
iChat a heiro^Body irninerfed in them always 
lofesjufifo much of iU Weight as is equal to 
the Weight of an equal Bulk if the Pluid. For 
fio Body cal> defeend , in a Fluid Without 
i-aifing an equal Bulk of that Fluid ; and 
that equal Bulk of the Fluid will rcfift or re- 
a^ agairtft the dcfcending Body with all its 
Force of Gravity ; and fince ASlion and Re^ 

' I i " ailion . 



Digitized by VjOOQIC 



1 1 6 A Plain and Familiar Intro duSiiori 

action are equal (Se£t. VI.) it follows, that 
juft fo much Gi-avity muft be deduced 
from the Body immerfed, and it Will de- 
fcend with the Remainder, or refidual Gra- 
vity. 

15- To fhew this by Experiment^ 
'^' ^* we have a folid Cylinder A B of Brafs, 
which exaftly fits the hollow cylind fie Bucket 
C D, and fufpended from the Bottom of it 
by the String E F 5 this Bucket and Solid 
are counterpoifed very nicely in the Air by a 
Weight G on the Balance H L While they 
are thus in Equilibrio, the Solid is immerfed 
in the Water K L, upon which the Equili- 
brium is immediately deftroyed, the Weight 
G preponderating very cortfiderably. If 
now, Water be poured into the Bucket C D 
till it be full^ the Equilibrium is reftored 
again \ and that by the Addition of the Weight 
of an equal Bulk of Watery which ^ fully 
proves this moft ufeful Propofition of Hy- 
droftatics. 

16. Hence it appears, that the true and 
abfolute Weight of Bodies cannot be imme- 
diately known by the Balance^ unlefs they 
could be weighed in vacuo ; fince when they 
are weighed in any Medium, as Air, Water, 
&c. we have only the Difference of the 
Weight of equal Bulks of the Body and the 
Medium. Hence vv^e derive the Idea or 
Definition of Specif c Gravity^ which is a 
relative Term, and implies no more than 

the 
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the' Gravity of one Body compared "with that 
of another under equal Bulks. Thus if a 
Cubic Inch of Glafs be three times heavier 
than a Cubic Inch of Water, its fpecific Gra- 
vity is faid to be three times as great as that 
of Water. 

17. Tq find how much heavier any Body 
is than Water, and confequently to deter-^ 
mine the various fpecific Gravity of Bodies 
in general, we have the. Invention of the 
HypRQSTATic Balance, the Reafon of 
which will be quite evident from the forego- 
ing Experiment {Art. 15.) and the Ufe of it 
extremely eafy in the 72ew Method I have 
contrived for thgt Purpofe, and which I 
fhall next exhibit and. exemplify* 

}8. Let IK reprefent this Balance, ^. 
and its two Scales H,.F; to the Scale 
F, I fix a Horfe-Hair F G, with a Loop at the 
lower End G, by which a Body, as A B, 
may be very readily fufpended. Suppofe then 
A B were a Piece of Brafsj whofe fpecific 
Gravity is required to be found; proceed 
thus ; Sufpend it in the Horfe-hair, and find 
its Weight in Air by Grain Weights put into 
the oppofite Scale H> till there is a nice 
. Equilibrium, then lifting the Body A B up, 
place under it a Glafs of Water C D, in 
which let the Solid fink, and it will become 
lighter, and the Scale H will preponderate 
{Art. 14.) then let Grain Weights be put into 
the other 3cale F till the Equilibrium be re- 

I 3 ftored ; 
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ftored ; thefe will expref^ the Weight of fi 
Bulk of Water equal to AB {Arf. 1 5,^. Novb^* 
^e Weights in H are to the Weights i|i F as 
the Wei^t of Brafs to the Weight of Water 
tender equal Bulks ; and therefore thefpecijic 
Gravity of Brafs is known. 

19. And it will always h^ foui^d that th<j 
Weights in the Scale H will be to thofe in 
F as 8 to I nearty ; and if the Solid A B 
were Gold^ thofe Weights would be as 174 
to I ; in Silver they are as about 10 to i j 
in Lead as ii-j to .1 ; and fo a Table may 
be compofed, exhibiting the fpecific Gravities 
pf as many Kinds of Solids as you pleafe. 

10. And it is ftill more eafy to find the 
ipecific Gravities of Fluids 5 for in this Cafe 
nothing more is neceffary than firft to equi^ 
poife ahy Solid A B in the Air, and then im-? 
tnerfeit fucceflively in as many different Sorts, 
pf Fluids as you w31 ; and the Number of 
Grains put into the Scale F each tipie tp rcr 
ftore the Equipoife^ will repi'^fcnt the fpe- 
cific Gravities of thofe Fluids refpeftively, 
becaufe they exprefs their Weights fevcrally 
under equal Bulks. 

21. In this Way alfo one might find the 
^ecific Gravity of Quickfilver by immerfing 
vc Piece of Gold in it (for nothing but Gold 
is heavy enough to fink into it) i but for Va^ 
riety's Sake, I fhaU (hew another Way of 
doing it. Let A B be a tall Glafs Tube clofe 
^t the Bottom, in which pour a little Mer- 
cury 
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cury to the Height D C. In this let a fmall 
Tube GB he placed, open at both Ends, 
and upon the Mercury pour Water till its 
Height CF be equal to 14 Inches; then 
will the Mercury be raifed in the Tube BG 
to the Heiglit C E equal to one Inch. Now 
fince the Preflure or Gravity of Fluids is pro- 
portional to their Heights only {Art. 9.) and 
fince there is an Equilibrium between one 
Inch of Mercury and 1 4 Inches of Water, it is 
plain that Mercury is 14 times more denfe, and 
therefore 14 timi/es heavier than Water. 

22, The Ufe of this Experiment is very ex- 
tenfive, as we (hall fee farther on, and per- 
haps there is nothing that will afford a clearer 
Idea of the Reafon of the Tides, or Flowing 
and Ebbing of the Sea. For fuppofing the 
Earth IFGH were wholly covered over 
with Water \ and if this Water were aftedted 
by the Earth's Auradion only, it would be 
cvery-whereof afphericalFigureABCD 

(by what was fhewn in Scft. I. 8.) be- *^* 
caufe every Particle being equally attradted 
there muft be an equal and uniform Denfity 
and Gravity, and confequcntly an equal 
Height of the Water throughout the Whole. 

23, But fuppoling the Moon at M attrads 
the Waters at the fame Time, this will be in 
a contrary Direction to that of the Earth in 
all the Hemifpherc ABC next the Moon» 
and thereby the Gravity of the Waters will 
be diminifhed, an4 nipft of all thofe Parts 

I 4 near^ 
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near |he Moon, As the Waters then ar«e 
thus made lighter about D than at A or C^ 
there will bp required a greater Altitude in 
thofe at D to maintain the Equilibriupi with 
the heavier Water at A apd C. The Waters 
therefore at D will rife from D to d; an^ 
proportionally every-where towards A and C. 

24. In all the opppfite Hemifphere ABC 
the A}:tradion of the Moon confpires with 
that pf the Earth, and the Gravity of the 
Waters will always be proportional to the 
Sum of thefe Attra<9:ions, which will bel^afl: 
pf all at B, a$ being m^oll remote from the 
Moon ; the Waters, therefore, at B will b^ 
lighteft of all, and confequejitly muft rife 
to a greater Height G A than any- where elfe 
towards A and C^ 

25. As th? Waters rife about the Parts D 
and B, they muft , neceiTarily fubfide below 
the Circle in the Parts A and C to the leiTer 
Heights Fa, He. As thefe Points A, B, 
C, i)^ are 99 Degrees diftant, they muft 
come to the Meridian at thp Diftance of 6 
Hours in Time. If the Sun be in the fame 
Part of the Heavens with the Mqon, as 
when {he is new, or in the Qppofite Part, 
as when (he is full, the Waters in D and B 
will thereby be rendered yet lighter, and fo 
yrill rife higher, and make what are called 
the Spring Tides. The greateft Height d 
is not under the Moon, but follows her -, 
s^nd D </ is equal to twice A a. 

26. If two Bodies of different Kinds of 

• Matter^^ 
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Matter, as Brafs and Glafs, be equipoifcd in 
the Air, and then weighed together in Wa-= . 
ter, the Equilibrium will be deftroyed, and 
the Brafs will preponderate, becaufe its Bulk 
being lefs than that of the Glafs, it will lofe 
a lefs Part of its Weight, or be lefs refifted 
than the Glafs, and therefore be heavier in 
the Water (See u4rt. \6.). And this we 
confirm by Experiment.- 

27. Alfo fr6m hence we fee tbe^Reafon in 
general w^hy any Body Jinks ^fwims in a Fluid. 
For fuppofe any Body Wefre heavier than 
Water in the Pfoportion of 8 to i > as Brafs ; 
then in the Water, it can lofe but ^ Part of 
its Weight i^Art. 14.) and therefore muft V/^- 
fcend with | of the Whole. 

28. If a Body, zs Corif be lighter than 
Water in the Proportion of i to 4 ; then it is 
plain, as there is 4 tinies as much Weight 
in an equal Bulk of Water, fuch a Quantity 
cannot be raifed by the Cork, and confe- 
quently it cannot immerfe itjelf\ or Jmk in 
Water wholly ; but it will raife 4 of its 
Bulk of Water, as being of equal Weight, 
^nd fo vi'^fwim with \ Part of its Bulk in 
the Water. 

• 29."If a Body be of the fame fpecific Grar 
vity with the Water, it can neither Jink nor 
[fijoim. For if it be immerfed it muft lofe all 
its Weight {Art. 14.) and fo cannot defcend. 
Alfo it will every-where tend downwards 
with a Force equal to the Refinance or Prefr 
(wre of the Water upwards ; and fo it moill 

not 
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mt rj/e to the l^op or fwim. Hence app^ra 
the Keaibn, why a Bucket of Water, a 
Man, or any Animal in Water, feems io 
very light, and to have fcarce any Weight 
at all, Thefe Phenomena aUb are all il- 
Juftrated by Experiment. 

30. Hence the Reafon alio of another pa- 

r&do^Kical Pofition is evident, viz. The heavi^ 

eft Body placed at a proper Depth in Water 

Jfhall there be fufiained by the Water ^ or kept 

from ftnking though left freely to itfelf. To 

^ prove this by Experiment, let ^^^^ be a 
riece of Brafs, which by means of a String 
Is drawn tight againft the Orifice of the Glafs 
Tube afg b (with a Piece of wet Leather at 
<3i^ to keep out the Water) in this Cafe it is 
plunged more than 8 times its Thicknefs e b 
under Water in the Jar A B C D j and. the 
String being there let go, the Brafe does not 
defcend or fink, but is fuftained by the 

3 1 . For the Preffur^ upwards ^inft the 
Surface dc is ecjual to the Weight of a Co-^ 
)umn of Water dhtCy whereas the Prcflfure 
downwards is ecjual only to the Weight of 
the Brafs, or 8 times the Bulk qf Water, eb^ 
which, as it is lefs than the former, fliews 
plainly enoi:(gh that the Brafs cannot 'fiink a^ 
any Depth greater than 8 times its Thicknc^fe 
(fee Art. 18. and 19.) In thefanae Manner 
it is fhewn by Experiment, that a Piece of 
Cork will not rife, or fwim in Merct^y if it 
be kept from prefling it upwards on its under 
Surface. 3a. Hence 
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32* Hence alfo the Reafon of aQptfaer 
fhanm^enon^ which ufed tP be thougl^i 
ttrange, wV. /i^^/ the fame ^ody jkall Jink in 
one ^tuid and fwim m another. Thus,^ a 
f iece of Brafs will fink in Wafer, but as 
readily fwim in Quickfilver ; becaufe it is 
heavier than Water in the Proportion of 8 to 
I i^y Art. ig.) and lighter f km Merct(ry in 
^heRatioof I4tq8 {hjj^rt. 19 and2i.). 

33 • Next to the Hydrojhtic Balance ^ ^hcre 
is no Jhftrument which owes its Inventioix 
to this Branch of Science mo|-e useful dian 
the Hybrometjjr or Water^poife ; it con^* 
iifts of ^ large hollow Ball or Glpbe A B D^ 
with, a long Stepi or Neck A F G ; and 2^ 
Weight at the Bottom B C E, to be fcrewe4 
pn and off at Pleafure> and fuch a$ fhall bg 
^ifficient to fink the Inftrument in any pro*s 
pofed Fluids till its Surface fhall coincide 
with the middle Pdnt F in the Neck. 

34. Suppofe the Stem AG divided intQ 
80 equal Parts, and the Weight C &ib ad- 
jpfted as to fink the Hydrometer in Rain^ 
Water (which is the Kghtefl: of all Waters) 
to the middle Point F, then if it be im- 
jperfed in any other Water, it will not de- 
fcend fp deep ip it, by which means that 
Water will be found to be heavier. And 
thus in general, allKinds of medicinal Fluids^^ 
mineral or other Waters, may be examined 
as to their Gravity or Denfity, Indeed an 
?x^ft Eilimate ojr.Cpmpariibnof therefpec- 

. tive 
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tive Gravities of Fluids may be made by 
this Inftrument, but that is better done by 
the Hydroftatic Balance. 

35. Again, the Strength of all fpirituous 
Liquors may by this Inftrument be very 
eafily difcovcred and compared. Thus, if 
pure Spirit of Wine be poured to an equal 
Quantity of Water, it makes what we call 
Proof-Spirit ; then if the Weight B C be 
fuch as will fink this Inftrument in this Proof- 
Spirit to the middle Point F, or tenth Di- 
vifion in the Stem ; if you put it into any 
Spirits, that are weaker, it will not fink fo 
^eep, becaufe of the larger Proportion of 
Water which is heavier than Spirit. On the 
other hand, if it be immerfed in Spirits that 
are above Proof, it will fink deeper than the 
Point P ; and fo in all Cafes it may be rea- 
dily and certainly known, whether any Sort 
of Spirit be above or below Proof*. 

36. Another very curious Ufe of this In-^ 
ftrumcmt is, to Jind immediately if Money he 
good^ or any ways debafed or diminijhed. To 
this End, inftead of the Weight B C, I fcrew 
on a Piece fo contrived as to hjve a Piece of 
Money affixed to it inftantly ; and fuppofing 
that to be a Guinea (^/^Ge'^r^^ III. the Whole 
is fo adjufted as to fink in common Water to 

* I have lately made a new and moft accurate Hydro- 
meter in Brafs, which will ftiew-any Degree of Strength 
in fpirituous Fluids to the 1 000th Part of the Difference 
between Water and pure Spirit ; with a Treatife defcribe- 
ing its Ufe. 

the 
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the Point F 5 but if a faulty Guinea be put 
on, no Part of the Stem will be immerfed, 
nor the upper Part of the Body ; whence 
the Fraud is eafily difcovered. And thus it 
may . be accommodated to examine any 
other Species of Money. Nay, even all 
Degrees of Difference in good Money, as ap* 
pears, by the Experiment; but the Balance 
is ftill preferable for this Purpofe. 

57. The Method of conveying Water by 
Aqueducts, is the next Thing to be ex- 
amined y to reprefent this Affair, let A B be 
a Refervoir oi Water, its defceriding Pipe 
C D j in the Part D there is a Piece F (with 
a Joint) fere wed on, which communi- p. 
cates the Water to the Tube G H af- '^' ^' 
fixed to it on the other Side. By means of 
the Joint at F, this Tube G H* may be put 
into any Situation. Thenfuppofing E K the 
horizontal Line 9 and A I parallel to it, you 
will find that in every Pofition of the Tube, 
the Water will conflantly rife in it to the 
Level A I, and no higher. 

38. The Reafon of this is evident; be- 
caufe when a Fluid becomes divided into 
two Parts, and is at Refl, there mufl be aij 
Equilibrium of their Force or Preffure againfl 
each other ; but this cannot be. but from an 
equal perpendicular Altitude in each Part 
above the Horizon E K {hy Art. 5 & 9.) and 
confequently as the Height of the Water in 
the Refervoir is A E, that of the V/ater I K 
in the Tube GH muft- always be equal to 

it i 
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it \ and there its Surface in every Pofition df 
the Tube will ever be in the Liiie A I pa* 
rallcl to the Horizon E K. 

39* If then G H reprcfent the mainPipe^ 
Wmch is laid up the Side of a Hill on which 
a Town is built, it is evident that the Wa-* 
terwUl be conveyed from this Pipe by the 
lateral ones to all the Houfes fituated below 
the Level A I ; but to none above it, frotii 
ItoH. 

404 Let the Figure attd Size of the Con^ 
duit-Pipe GHI be what it will^ the Water 
J. ^ will ftill rife ill it to any Part G or I, be- 
'** '**' lowtheLevelof thatintheRefetvoir ABi 
And therefbrt Water tnay be conveyed over 
any high PlaceFGH, as aHoiife, aMountain, 
&c* Of from the Top of one Hill G acrofs 
the Vale H to the Top of another Hill I^ 
by means only of a bended Pipe F G H 1. 
Hence the vaft and expenfive Labour of 
building AqueduBs from Mountain to Mtmn^ 
tain is not neceffary, but where more Wa-« 
ter is required than c^ be carried by Pipies^. 

41 i As the Tube contributes nothing to-^ 
Wards the Caufe of the Waters rifing in it ; 
fq if the Tube were away, and a fmall Piectf 
or Adjutage G were affixed to the Part F 
with a little Hole in th^ Top, the Wattff 
Fi II ^^^^^ ^^^ through that Hok in a Jet 
d'Eau or Fountain O I, nearly to thcf ^ 
Height of that in the Refervotr A Bv But 
bccaufe there is fomc Coheiiofl in the Fluids 

fomo 
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the Hole, a confiderable Rcfiftanee from thd 
Air, and the Weight of the Water above im-» 
pedingthe Afcent of that below, we find thd 
Jet can never poffibly rife to the fuU Height 
of the Refervoif v^^hich fupplies it- 

42. The Operation of the Syphcin C F E 
is eafily accounted for by the Preffure ^, 
of Water in Conjunftion with that of '^'"" 
the Air. For fuppofe the Syphon filled with 
Water, and inverted with its ihorter End in 
a Glafs of Water A B, then if Aefc were no 
Preffure of Air to afFedt the Water, the Wa- 
ter in the Syphon would immediately feparate 
in the higheft Point F, and run down from 
thence in each Leg towards C and E,, and 
fo there could be no Operation at all. 

43 . But as there is a Preffure of Air con-* 
ftantly acting upon the Surface of the Water 
in Ao, it will caufe Water to rife from G to 
F ; for fince the Preffure of Air is the' fame 
on both Orifices C and Ey and die Leg F E 
is the longeft, there will be a greater Weighs 
of Water at E than at C^ and confe{jaeritly 
the Water in the Leg F E will run out ; and 
ii we fuppofe the- Water to part at F^ there 
rouft be a Vacuum in the Syphon at F, which 
is impofiible while the Water at C and E ' is 
under the Preffure of the Atmofphere. It 
muft therefore be always full till the Surface 
of t-he Water in the Jar comes to the Ori-- 
fice C> and then no more can be preffed up*. 

3 It 
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It is cafy from what has been faid to fee, that 
if the external Leg were F D equal to F C> 
or if" the two Orifices of the Syphon C, D> 
were in tha fame horizontal Line G D, the 
Water could not move through it^ 

44. Hence alfo the Pbanomenen of the 
Tantalus Cup is eafily underftood ; for if a 
Syphon be bent in the Form of a Handle 
CDE, and fixed into the Side, of a Mug 
or Cup A B, fo that the Orifice C may com- 
municate with the Cup near the Bottom, and 
the Orifice E bea little "below it; then, upon 

pouring Water into the Cup it will rife 
* in the Handle at the fame Time j and 
when in the Cup it comes to the Height F, 
fo as to be upon a Level with the higheft 
Part D of the Handle, the Water will then 
defcend through the other Part D E, and 
run out without ceafing 'at fi, till the Wa- 
ter defcends in the Cup to the Orifice C. 

45. Hence we fee the Reafon why fome 
Ponds and Wells lofe or difcharge all their 
Water in a furprifing Manner as foon as they 
Are filled, by fome analagou^ fubterranean 
Du£i or Syphon. Alfo the Reafon of inters 
mitting Springs f which are fupplied by > 
Syphon, and w^ich can only run when that 
works. Alfo thofe called 7'eciprocating-. 
SpringSy as they are fupplied by a conftant 
Stream, cannot intermit; but if at the 
fame Time they receive Water from an in- 
termitting Syphon or Du£l, the Surface of 

their 
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their Waters will rife and fall in eorreffondent 
Reciprocations. Of all which we have an 
admirable Inflance in that Spring called Lay^ 
well near Brixbam in Devon, whofe Water 
ebbs and flows juft ten Times every Hour. 

46. The jintiguggler hzs fometimes its 
Ufes> and therefore it is ufual to ftiew it by 
£xperimen.( : It conflfts of a fmall curved 
Tube, which is to be put into the Neck of 
a Bottle or Vial, that fo while the Liquor is 
running out, the Air may enter through the 
Tube without rufhing thro* the Body of the 
Liquor (which makes the ufual GuggHngJ 
and thereby diilurb the Sediment, and foul 
the Liquor* 

47. We come now to the moft ufeful Part 
of Hydrofiatics, which concerns Pump-Worki 
and the Reafon of the Operation of Pumps 
in general, will be eafy to underftand from the 
foregoing Principles. A Water-Pump is every 
Way like an Air-^Pump, confifting of a 
Barrel, a Pifton, and two' Valves j all '^*'^* 
which are here of the fame Ufe as there, but 
made of diffejrent Materials. TheForm of the 
comnion Purrip is reprefented in the Figure, 
in three Parts ; the firft is the Ciftern A B, 
into which the Water is brought by the Pif- 
ton K L, which plays in the fecond Part or 
Barrel D E ; and the third Part is the Pipe 
or Tube F G, which goes down to the Water 
in the Well or Veflel H L 

48. In the Bottom of the Barrel there is a 

K Hole, 
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Hole, over which is placed a Leathern Valve 
to move up and down ; and the fame Sort 
of Valve there. is in the Bucket L of the 
Pifton, which has alfo a Perforation to let 
the Water pafs thro' it. Thefe Valves open 
upwards, and permit the Water to rife ; but 
prevent its Return by fhutting down clofe 
upon the Holes beneath. The Bucket L is 
lined with Leathers, to make it fit the Infidc 
of the Barrel very nicely, that fo none of the 
Water above may get into the Part below ; 
and to fetch the Pumpy as they call it, or to 
make the Water rife, they fiiil pour Water 
into the upper Part over the Bucket to make 
all tight. 

49. Then the Pifton, being fuppofed at 
the Bottom of' the Barrel at E, is raifed up 
from thence to QJ)y the Handle KM; then 
is the Air contained in the Tube F G expand- 
ed into the large Space of the Barrel from E 
to Q, and confequently has its Spring lef- 
fened ; it will therefore prefs with lefs Force 
on the Water contained within it, than the 
Air preffes on that without; hence the Water 
njuft rife in the Tube to fome Height O, till 
its Weight, and theSpringof the Air within, 
be equal to the Preflure of the Air without. 

50. When the Pifton is forced down, the 
Air beneath rifes thro' the Bucket ; and that 
ia the Pipe above O, when the Pifton is 
raifed, is expanded again into the Barrel ; and 
its Spring being again dimini(hed,'the Water 

will 
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will be raifed to a greater Height P in the 
Tube. And thus as the Air becomes gra- 
duially exhaufted^ the Water will rife bighei^ 
and higher, till at laft it will arrive to, and 
force up the Valve N in the Barrel ; and 
haying ifcended thro' it, it cannot return, 
but muft, upon the Defcent of the Pifton^ 
be forced thro' its Valve alfo ; and as this 
Valve alfo prevents its returning, it miift be 
raifed by the Afcentof the Pifton, into the 
Ciftern of the Pump A B^ and there run 
out through the Spout C. 

5 1 . Any Pump of this Confl:rud:ion will 
raile Water to any Height not exceeding 32 
or 33 Feet* For finac the Water rifes, and 
is fuftained in the. Pump by the Prejfure of 
the Air^ and fince this Preflurc is equal to the 
Weight of a Column of Mercury 29I Inches 
high (Sei£t. III. 31.) it will be equal to the 
Weight of a Column of Water 1 4 Times as 
high {Art. 21.) therefore 2:94.^ 14 makes 
413 Inches or 34I Feet nearly, which is the 
Height to wjiich the Water would rife in a 
Pump, if all the Air could be perfectly ex- 
haufted* But as no Pump of this Kind-is.06 
can be made fo Air-tight as to do that, thci 
Wjtfe:' never rifes fa high'.* 

52. The Pipe ftiould be of fo large a Bore as 
tp adriiit the Water into the Barrel fo freely^ 
a»to follow the Piften without leaving'' any 
Space between ; for unlef? the Water be in 

K 2 Con- 
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Contatfl with the Pifton below, there is much 
more Force than the Weight of the Water 
above it to overcome in each Stroke ; and (o 
the Labour of Pumping will be greatly in- 
creafed,. - 

53 . If there were no Hole or Valve inf the 
Pifton, but a Valve opening outwards in the 
Side of the Barrel near the Bottom, then the 
Machine would become a Forcing-Pump ; 
for every Afcent of the Pifton would raife 
the Water into the Barrel, and every Defcent 
would force it through the lateral Valve into 
fonie Pipe or Duft, to any Place or Height 
you pleafe. 

54. There are various Contrivances in the 
Form and Conftruftion of Pumps ; fome of 
which are very curious, as particularly the 
Mercurial Pump ^ fo called by Reafon the 
Exhauftion or Vacuum i^ here effected by 
Quickfilver, inftead of the common Pifton. 
And this Method is eafily applicable at large, 
and without any great Expence. It is capa- 
ble of producing the Effeft of a Pump in the 
greateft Perfeftion, as all muft allow who 
fee the Model and the Experiment upon 
it. 

55. There is alfo another very ufefuV In-* 
ventiori of this Kind, viz. A portable Pump, 
and which works by a , Pifton, indeed, but 
without any Fridlion: The Pifton play^ 
wholly in Water, and does not touch the 

Sides 
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Sides of the Vcflel in which it is contained. 
The Stroke in this Pump is very fhort^ and 
it may be ufed'as an Exbaujiingy a Liftings 
or a Forcing-Pump. The MechanijBn is 
very fimple and eaty to be underiiood by the 
Model ; * and the Rationale of its working 
by the Experiment. 

57. There is another very ingenious In- 
vention in Hydraulics^ to (hew how a JVater-^ 
Mill may be contrived without Wheels to grind 
Corn, by a moft fimple Strudure, and with 
a fmall Stream of Water. The Model of this 
Machine is as follows. A B is the Cif- 
tern receiving the Stream or Spout of '^' '^' 
Water which from thence defcends by the 
Tube C D into the Horizontal Trunk E F; 
this Trunk has two Holes in it on the oppo- 
fite Sides at the Ends, as G at the End F; 
and another on the oppofite Side at the End 
E. Thro' thefe Holes the Water rufhes out, 
and by that Means turns round the Machine 
in a- retrograde Manner, or in the Direftion 
F L E M. In the lower Part of the Trunk is 
fixed a jfltrong Iron Shaft or Axis I K, which 
at K turns upon a fine Point in a Pivot Hole 
in the ^wer Part of the Frame N O PQ; 
and on the upper Part P Q^is fixed a fmalT 
circular Piece ^^, reprefenting the nether 
Mill-ftone; above there is another cd^ whicli 
being fixed to the Axis I K in the Center I, 
is thereby turned very fwiftly round tipon 

K 3 'the 
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the other ; and thus is the End of a Mill by 
this Means anfwered. 

58. The Reafon why the Machine muft 
move round very fwiftly, will eafily appear, if 
we confider, that if the Trunk had no Hole 
in it, the Preffure of the Water, within would 
be the fame on every Part, and proportional 
to the Height B D ; but if a Hole be made 
at G, ;the Preflure of the Water on that Sid0 
and End is diminished ; and the Preffure be-^ 
ing greater on . the other clofe Side, will 
therefore caufe that End to begin a Motion 
from F towards I^ and a Hole being made 
on the oppofite Side at the End E, will 
double the Caufe, and confequently the Ve^ 
locity of the Machine. It is plain, the Force 
to turn the Machine is proportional to the 
Height of the Water B D, and the Diftance 
of the Hole G from the Center of the Ma- 
chiLe conjointly. 

f9. Newfharns Water Engine is ra-? 
ther a Pneumatical than a Hydraulic Mi^ 
chine*:, but I fhall explain it in this Sec- 
tion. TheDefign of it is to produce a con- 
tinual Stream of Water y and to projeft it Xo 
great Dtjiances ; this is done by Means of 
two Forcing Pumps, which alternately com- 
pel Water into a larg^ clofe Veffel of Air i 
the Air is thereby gradually condenfed, and 
comprefles the Water beneath with fo great 
Force, that upon turning a Stop-Cock on the 
ypper Part^ it ru|hes out with great Impetuo- 

fity 
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iity through a Pipe that comes down into it, 
and makes a continued Stream, by the Air's 
being continually cohdehfed and ading conr 
ftantiy upon it. 

60. To illuftrate this, let A B C D be p. ^^ 
be a Glafs Globe or VeiFel, filled about '^* ' ' 
half full with Water BCD; upon the Top 
is fcrewed a Stop-Cock E, with a Pipe H F 
going to the Bottom of the Water, On 
die upper Part, at I, is firft fcrewed on an 
injeSing Syringe^ by which the Air is throWn 
in, and greatly condenfed in the Part 
BAD; then turning the Cock, you" take 
off the Syringey an4 fcrew on the Ball 
and Socket IG; thro' which, upon open- 
ing the Cock, there will iffue a continual 
Stream GK with great Velocity, by the 
Aftion of the Air compreffing the Water 
BD. 

6r. In the fame Manner a Variety of y<^/ 
d'Eausy and pretty Devices of that Kind, 
may be pradtifed .upon this Inftrument, by 
fcrcwing on differenf Pieces upon the Top of 
the Cock, particularly if the VefTel be large, 
a Piece may be fcrewed on at I, very full of 
exceeding fmall Holes, thro' which the Water 
may fpout obliquely, and form an artificial 
Shower of Rain ; in which when the Sun 
ihines ftrongly, a Rainbow will plainly ap- 
peiar^ if your Back be turned to the Suii, and 
you view the falling Drops againft a black 

K 4. fVall 
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Wallov Clotb. And this Experiment, well 
jnanaged, infallibly confirms the Theory 
gf the Rainbow, as deduced from the Doc^ 
trine of Light and Colours \t\ SEt:T. II? 
g2, 30, 
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Section VL 

0/" Motion auJREsr. T6e Laws of Mo^ - 
TioN explained. Of tife Compofitipn and 
Rcfolutipn (f Forces. The Nature and 
life ^Pendulums explained, A new 
PyHOiiiETER defcribedjo meafure the Ex-* 
panfion pf Metals, Qf the C^i^t ie,rs of 
Magnitude, Motion, and Gravity. Of 
the campion Center of Gravity in the 
Syftem rf the Heavenly Bodies. The Prin-* 

, ciplcs g/'MECHANics explained. Of the 
yJwrtf/ Mechanical Powers 1 the Lever, 
the Wheel and Axle, the Pulley, the 
Inclinep Plane, tb^y^%'0^^^ (indtbe 
Screw* The HvongtH AKX:yi,to build upon^ 
TheDoSirine ^/^Wheel Carriages, &c. 

1*^1^ HE Subje<a of this Seftion will be 
X to confider the Nature^ Laws^ and 
Phanomejfa oS Motion, and moving Bodies 1 
the Naturfe and Ufe of Pendulums ; the 
Center of Gravity ; the Theory of Mechanical 
Powers and Machines ; and the DodSlrine of 
fThee/ Carriages; and to demonftrate each 
PiWticular by Experiments. 

a, Motion 
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2. Motion is the Change of Place in Bo- 
dies ; and Refi is their Continuance in tkefame 
Place. The moft general Caufe of Motion 
with us, is that Power in the Earth and 
other Bodies we call Gravity, by which 
they attrad:, gravitate, or move towards one 
another, unlefs hindered by fome intervening 
Obftacle; and indeed this is the Caijfe of all 
Motion in the larger Bodies of the Syftcm. . 

3. There is beSdes this an ^«m^/ C^/^ 
or Power oi producing Motion in Bodies. 
For any Animal can, at Will, move any 
Body in any Dire<ftion, provided that his 
Miijcular Force be not inferior to the Force 
of Gravity in that Body ; and where this 
happens to be the Cafe, we have Recourfe to 
Art y and by Means of many Kinds of Me- 
chanical Contrivances, we are enabled to 
raife and move fuch heavy Bodies as far ex- 
ceed our natural Strength. - And hence we 
derive the moft uieful Science of Mecha- 
nics, or ConJirtiBion of Mechanical Powers 
and Machines. 

4. The Manner in which we conceive tho 
Idea of Motion, makes it neceflary to diftin-' 
gui{h it into two Kinds ; viz. Real 2s\dAp- 
parent ; for we may not - only have an Idea 
of Motion in Bodies, when they do realty 
tnove^ but alfo when they do not move, but 
are abfolutely at Reft^ This Ambiguity in 
our Ideas of Motion renders us fubjedl to 
many and very grejit Miftakes in our 

common 
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common Notions or Judgment of Things; 
Nor are thefe Errors of an indifferent Na- 
ture, but oftentimW greatly concern the 
Well-being of Mankind, not only in regard 
to the Sciences, but ^ven to Rehgion itfelf : 
Witnefs the Cafes of thofe who are ana- 
thematized for denying the diurnal Mo^ 
tion of the Sun and Stars; as that of 
poor Galileo m the Inquifition, about lOo 
Years, a^o.- 

5. That we may be able therefore' to judge 
truly of Motion, we mufl confider, that the 
Idea is produced in the Mind by the Pajfagi 
of the Image of ObjeSts over the 'Retina in the^ 
Bottom- of the Eye. Hence then, if the Eye 
be at Reji, what Ideas we have of Motiort 
muft in thaf Cafe be of true or real Motion ^ 
for nothing biit Motiort in the Objeft here 
can produce a Motion 'of the Image in the 
Eye. But, on the other hand, it is as evi- 
dent, that if the Eye be in Motion, art Objed 
before itj though at Reft, will have it$ 
Image move over the Retina, and fo pro^ 
duce a deceptive Idea of Motion.' 

6, Hence, with relpeft to the Motion of 
Bodies, there will be three Cafes. For ( i ) 
I'he Eye may be at Reji^ and the ObjeSl in 
Motion (as above) which is the only Cafe in 
which we can have an Idea of the true and 
real Sluantity of Motion. And even in this 
plain Cafe we are liable fometimes to be de-? 
peived, viz. When the Motion is fo very 

quick 
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quick as not to admit of any fenfible Inter- 
vals of Time in paffing over fenfible Inter- .^ 
vals of Space. Thus we fee no Motion of 
the Particles of Light in the Sun-Beams ; 
thus alfo a Body may be turned fo fwiftly as 
not to appear to move at all i and a RedSp&t 
whirled fwiftly round mak;es a Red Circle 
without Motion. All which is evident from 
common Experience, 

7. The Second Cafe is, when the Object is 
at Reji, ofid the Eye in Motion 5 and here, as 
the Motion is altogether apparent, the Idea 
we have of it, muft be*' the moft of all 
ijlufive and deceitful. But the. Errors of 
this Sort are often fo very grofs and obvious, 

* that we can correiS: them by the leaft Degree 
Df Reafon ; thus to a Perfon in a Ship under 
Sail, looking out of the Cabbin-window, the 
Houfes and Trees on the Shore appear to 
move ; but no Man was ever fo irrational as 
to think fuch a Motion real. In the fame 
Manner, if our Earth does really turn upon 
its. Axis in 24 MoviV^from Weji fo Eafi^ it 
muft necefTarily caufe an apparent Motion of 
the Sun, Moon, and Stars, in a contrary Di- 
rection, vi^.from Eajl to Weji^ in the fame 
Time^ 

8. The Third Cafe is, when the Eye and 
OhjeSi are both in Motion ; and this may be 
fubdividcd into three other Cafes. As (i) 
When the Eye and Objedl both move the 

Jame Way^ and with equal Velocity. In thi§ 

Cafe, 
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Cafe, it is plain,, the Image of the Objc<a 
muft always i^etain the fame Place or be at 
Reft on the Retina, and confequently no 
Motion of the ObjeA can be perceived. 
Hence the Ships under Sail fecni at Reft to 
a Perfon (hut up in the Cabbin; and we on 
the Surftce of the Earth perceive nothing of 
its diurnal Motion. 

9. Again (2) The Eye and Obje^l may 
move the fame Way with different Veloci- 
ties. In this Cafe the Objeft will appear to 
move with the Difference of the two Velocities^ 
VIZ. forwards^ if its Velocity be greater than 
that of the Eye ; or backwards^ if lefs. 
Thus if two Ships A and B failed both the 
fame Way, A at the Rate of 3 Miles an 
Hour, and B at 5 ; if you were in A, the 
Ship B wotkld appear to go forwards from 
you at the Rate of a Miles />^r Hour ; and 
if you were in B, the Ship A would appear 
to go backwards or the contrary Way, as faft, 
while the Ship you are in feems quite atReft, 

10. If (in die 3d Place) the Eye and 
Object both move, but in contrary Direc- 
tions, or meet each other, then the Obje<ft 
Would appear to move with the Sum of the 
two Velocities. Thus fuppofe the two Ships 
A and B meet each other, each failing with 
the- Velocities above-mentioned, then a Spec- 
tator placed in cither of them, would fee the 
other approach him with a Velocity of 8 
Miles per Hour. And hence it appears that 

unlefs 
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unlefs we are well appri:^ed of the trye State 
and Circomftances of Bodies .which appear 
to move, or not to move, both in refped: of 
them and ourfelves, it is impoflible the Judg- 
ment we form of their Motion fhould be 
corred:, but very precarious, and moftly full 
of Illufion and Error. 

11. Velocity is the comparative Sivift^ 
nefs or Slownefs of Bodies in Motion- ' Thus 
if the Ship A fail at the Rate of 3 Miles 
per Hour, and B at the Rate of 5 Miles ^^r 
Hour, they are faid to move with Velpfcities 
which are to each other as 3 to 5. 

12. The Momentum^ Forcey or ^antity 
of Motion m moving Bodies, is all that Power 
they have to act upbm or afFedteach other in 
diollijiony or any Object by ftriking againft it. 
And this depends upon fwo Things y (i) The 
^antity of Matter in Bodies ; and (2) the 
Velocity of their Motion. For it is eafy to 
underftand that when two Bodies mov)e with 
equal Velocities^ there can be nothing to make 
a Difference in the Force of their Strokes j but 
the different ^antities of Matter they con- 
tain. Thus a Globe of Gold, and another 
of Brafs, of equal Bulks and Velocities, will 
ftrike with Forces which are as their Quan- 
tities of Matter or Weight, viz. as iy\ fq 
S. (See Sea. V. 19.) Thus 100 lb. Weight 
will ftrike with 1 00 Times the Force of i lb# 
moving with the fame Velocity. 

13. Secondly, 
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13. Secondly, on the other hand, if the 
§luantity of Matter continue the fame , it is as 
plain the Force of the Stroke will beexadtly 
proportional to Velocities of Motion. Thus 
a Bullet projecfted from the Hand, will not 
do the Execution as it would if fhot from a 
Gun 5 becaufe of the much greater Velocity 
in the latter Cafe. And therefore the ^an^ 
tiiy of Motion in any moving Body is to be 
cftimated by its ^antity of Matter j and by 
its Velocity conjointly ; and therefore it is 
always as the Produd: of one multiplied by 
the other. 

1 4. To illuftrate this important Ar- 
ticle^ it is to be noted, that if any Body '^ '' 
B fufpended by a String A B, and raifed to 
any Divifion of the circular Arch E D^ and 
there let go, // willy by its Defccnt to the low-- 
eji Point D, there acquire a Velocity that will 
be proportional to the Arch of Defcenty and 
therefore may be meafured by it. That is, if 
a Body defcend from the Points B, C, E, the 
Velocities acquired by thofe Defcents will 
be in the Point D, as the Arches B D, C D, 
and E D refpedlively. 

15. Therefore let the Body B of 3 
Ounces, defcend from the 5 th Divifion, '*' *' 
and ftrike the Obfticlc D, and afterwards let 
it defcend from the 9th Divifion, to ftrike the 
fame Obftacle, then will the Magnitude of 
the Strokes be as the Velocities, viz. the 
Force of the firft Stroke to that of thefeoond 
«:S 5 to 9. 16. But 
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1 6. But if the Ball B of ^ Ounces de- 
fcend from the 5th Divifion, and an- 
other Ball G of 2 Ounces defcend from the 
9th Divifion, the Stroke of B will be to that 
ofG, as 3 Times 5 or ij, to 2 Times 9 or 
18. And thus, I prefume, the Nature of 
Force or Momentum, or Quantity of Motion, 
is very eafy to be underftood from what has 
been premifed. 

17. Sir Ifaac Newton has considered all the 
Affedlions of Motion under three general 
Headsy which he calls the three Laws of Mo- 
tion j and fomctimes they are called theL^iiy^ 
of Nature^ becaufe they are obferved by all 
Bodies whatfoever. The firft of thefe is, 
That every Body endeavours to continue iti a 
State of Rejiy or moving uniformly in a right 
Line, unlejsfofar as it is compelled to change 
that State by Forces imprejfed. 

18. This is evident by coniSdering, that- 
each Particle of Matter is abjfolutely inert and 
paflive, and fo quite indifferent to Reft 
or Motion ; and if it chance to be at Rejir 
fince it has no Principle of A<Sion in it* 
fclf, it cannot of itfelf change that State ; 
and for the fame Reafon, if it be once in 
Motion, it muft neceflarily fo continue, all 
Obftacles being fuppofed away. The Mo- 
tion likewife muft be in a right Line, there 
being nothing in Matter itfelf to alter that 
Direilion of .Motion which it had in the 
Beginning. 

19. Thus. 
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19. Thus then it appears that all the 
Change that is at any Time made in Bodies 
is by the Action of external Force impreffedi 
Bodies at Reft, without being adted upon by 
external Objedts, we can eafily conceive, 
will always remain at Reft. And it is as true, 
that Bodies in Motion, where there is no re- 
fifting Medium or Obftaclp, will preferve 
their Motions undiminiftied ; witriefs the 
Planets and Comets. But the Ball 6n the 
Billiard-Table, or the Bowl on the Green, 
it is evident, lo^e their Motion only by the 
Refiftance of the Plane or Parts on which 
they move. If the Axis of a Wheel irl 
Motion were to move on other mov6able 
Wheels, the Motion would continue much 
longer j becaufe Parts in Motion afford not 
the Refiftance to Bodies as when they are 
fixed ; again, if the Axles of thefe moveable 
Wheels w^re to move on the Peripheries of 
other moveable Wheels, the Refiftance or 
Fridion would be ftill farther diminiftied, 
and the Motion of the firft' Wheel would be 
continued much longer. And if the Fric- 
tion could be diminiftied ad infinitum^ the 
Motion would become perpetual \^ which 
We illuftrate by Ejcperiments on a Machine 
of FriSlion-Whe^ls. 

20. Hence it evidently follows^ that a per--^ 
pctual Motion is abfolutely impoflible to be 
effected by any human Art or Contrivance i 
becaufe no Machine can be conftrudled with 

' L ^ u Motion 
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a Motion of the Parts one upon another, an4 
confequcntly not without Fridion, whi6h 
will by Degrees deftroy all the Motion com- 
municated to the fame by any Agent what- 
foever . We alfo hence fee the Rcafon why 
the Planets and Comets continue to move with 
their original Velocities undinainifhed ; as 
they are Bodies* vaftly large, moving very 
i(wiftly, in free or unrefifting Mediums. 

11. The fecond Law of Motion is, the 
Change of Motion is always proportional to 
the moving Force imprejfed'y and is always 
made according to the right Line in which 
that Force is imprejjedy that is, a double Force 
will produce a double ^antity of Motion ; 
a triple Force f triple that Quantity, and fo 
on. Thus if the^Body A, by an Impetus 
from another Body B, were moving in the 
Direction A D ; and at the Inftant it was at 

A another Force were imprefled upon 

'^' *' it by the Body C in the Diredtioji A F ; 

then a Change would be made in the lirft 

Motion of the Body A, both in regard of 

its Velocity and Dir^£iion. ^ 

12. For fuppofing by the Stroke of B the 
Body A would defcribe the Space or Line 
AD in one Second of Time; and that by 
the Stroke of C it would defcribe the Line 
AF in the fame Time, then it is plain by 
both Forces together, it muft proceed with 
a Velocity greater than either fingly, and ia 
a Diredion which is compounded of both 
fhe Others : For draw F E parallel to A D^ 

and 
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ahd D £ paraifel to A F^ inteiie^ing each 
bther in £^ and join A £> and that Line AB^ 
&all be the Diredion which the Body A 
will purfue by this compound Motioiij and 
the Space A £ will be deicribed by it ih the 
fame Time ae AD or AF by thd finite 
ImpUlfes of Bi or C; 

231 For the Force imptefled by G doiBS not 
bt ail alter its Velocity o( approaching to th* 
Line D £| and therefore at die Eud of th^ 
given Time it will be formed in that Line % 
for the fame keafon^ by the Force of C, it 
will arrive to^ and be formed iii the Line 
F E j and therefore at the End of the given 
^imci it will be found in the -Point E, com- 
mon to both> after it has defcribed the Line 
Or Space AE. 

24. Hence tfie moft uftful Doctrine <rf 
the Compqfition and Refolution of Forces is de- 
Hveds For any two Forces may be repre- 
iented or eftimated by two Sides of a Paral* 
lelogram A D E F analogous to them ; and 
then th€ DiagOiial WUl exprefs the Force 
compounded oi both^ AUb» on the other 
Hand, any given Force A £ may be refblved 
Into ttvo omcrs A D^ A F/a€fcIng in diflferent 
Direction, accordioig to whkh thwe tsaaf 
arife a great Variety of Cafes, wbkh IJbavt 
i^yewbire explained*, 

254 The third Law of Motion is, tba^ Ac^ 
tidn and Re-^a&iom^ketween.. Bodies are equal 
and in contrary Direclions. ^Qt fiace tht 
* Plnl^ls^iaL9rit4mniiai ^ 

V a - Impaa 
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Impadl or Stroke between the two Bodies is 
but one fimple individual Thing, it can affeft 
both of them but in one and the fame Man- 
ner and Degree, or they muft adt upon or 
aifeft each other mutually and equally there- 
by. If a Horfe draws a Stone by Means of 
a Rope, all the Force by which they ad 
upon each other, is exprelfed in the Tenjion 
of the Rope \ but that is the fame throughout, 
and therefore equal at each End, upon the 
Horfe and upon the Stone. 

26. The Quellion is, then, if the Horfe 
and Stone aB equally on each others how it 
comes topafs that the Horfe can move the Stone f 
The Anfwet is eafy, viz. Becaufe tho' there 
be an Equality of ABion^ there may not bd 
an Equality of Force between the Horfe and 
Stone ; for when that is the Cafe, there can 
be no Motion in ether. Thus fuppofe the^ 
Mufcular Force of the Horfe were juft equdl 
to 500 lb. Weight \ if a Stone of that Weight 
was faftened to a Rope, and hung over a Pulley 
to gravitate freely ; the Horfe could not put 
it into Motion, but there would be an Equi^ 
iibrium of Forces between them. But if the 
^tone weighed only 4oolb. then it could only 
•by Re-a^ion deftroy 400 out of the 5001b. 
an the Horfe, and the Difference of 100 lb. 
in the fuperior Force of the Horfe would put 
ihe 5 tone into Motion. As, on the other 
'^Hand, if the Stone weighed 6qo lb. it would 
*. ^ .. •, . . ^. ■' dnam 
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draw the Horfe backwards with the fuperior 
Force or Difference pf 100 lb. Weight. 

27. Thus when inanimate Bodies adl up7 
on each other by Attra<3:ion, or any other 
Force, they are equally affed:ed thereby ; 
the Loadftone and Iron are equally adted 
upon by'the magnetic Power. Two magnetic 
Needles equally attract, and produce equal 
Quantities o£ Motion in each other; the 
fame is to be underftood of the Earth, and 
a Stone falling upon it ; in all thefe Cafes, 
what is wanting in Velocity is compensated 
in Qimntity o^ Matter, fo that one multiplied 
intothe other always make on each Side an 
equ^l Force (See Art. 12, isOv 

28. On this Principle it is that Fijbes 
fwiniy and Birds fy^ and Men row a Boat ; 

becaufe when the Medium is aifted upon by 
the Fin J Wingy or Oar, in any one Diredion, 
by an equal Re-aSliony it moves the Fifh, the 
Bird, and the Boat, in a Direftion juft the 
contrary. Though I can't help thinking, 
that, befides this mechanical ASlion or Power ^ 
. there is fomething of an innfte Energy in all 
thofe Animals by which they move very 
fwiftly, with fcarce any fenfible Motion of 
the Fins or Wings. And this fecret Power 
it is in Spiders, by vvhich they fly in any Di- 
redtion they pleafe, without any^ external 
vijble Means at all. 

29. I have already obferved, that a Body; 
falls towards the Earth by the Power of Gra- 

. / - L 3 * vity i 
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^ity } and fince that Power z&s coifi^ismtf 
upon it, its Vplqcity rouft be conjiantfy acee^ 
kratedy and fifKe near tjie Earth's Surface^ 
fhc Action of Gravity may he fuppofed 
uniform, there will in equal Times be equal 
Increments ofYehcity^ an4 therefore /A^ Ve^. 
hcity of falling J^odiis wB he aiwaj.s propor^ 
fionaltothe Time of the ^all. Henct it is^^ 
that ilnce the Sp^pe ^cfcende4 through in- 
l^eafes both with the Velocity and Time of 
the Fall, it inuft hefr^artimal to the Square 
pf either. . Therefore it b^ing well known 
by Experiijient, that ^ Body will defcend 
^hrougn 16,2 Feet nearly in one Second, it 
will in two Seconds fall thro' 4 Times 16,2 
Feet, or 64,8 Feeti and in 3 Seconds, thro* 
9 Times 1 6,2 or 146 Feet nearly -, an4 io oi^ 
for any other Number of Seconds. 

30. Let B C E be an inelined Plane^ then 
'if any Body b^ laid on the higheft Part B, i^ 
will defcend to the loweft Point C by 
^'^ ^' the Power of Gravity ^ and for the faopie, 
l^eafon, if the Body were fufpended by a 
String from anyToint A^ and the Plane taken 
^'way, it would th^n alfp defcend in the Arch 
pf a Circle BC t<;> the loweft Point C ; but it , 
will not there reft, but the Velocity which 
it has there acquired in the Defcent wiH 
carty it from C tQ R pn the other Si^e, fo 
that the Arch C? P is nearly equ%l tp B C 5 
frOni thence it will again return to B, then 
back again to D^ and fp on till all the Mo- 



tion 
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tion be gradually deftroyed by the Refijftancc 
of the Medium, and the Fridion at the 
Point of Sufpenfion A. A Body vibrating 
forwards and backwards in this Manner, is 
called a Pendulum. 

31, If the Pendulum AB be very long, 
and the Arch B D through which it vibrates 
very fmall, the T^imes of the Vibrations mil 
be nearly equals and hence it came to be ap- 
plied to Clock-Workj for the Regulation of 
the Movements, which are defigned to divide 
the larger Portions of Time into fmaller 
equal Parts. And for this Purpofe it would 
be the beft Inftrument ever yet invented, 
were it not for one Thing, viz. the Length'^ 
ming and Shortening of the Metalline Rod, 
with which they are made, by ^eat and 
Coldi for as the Pendulum, by Heat, be* 
comes longer, it vibrates flower, and th^ 
Clock /g/^j Tiime^ as on thejcontrary being 
Shortened by Cold, it vibrates quicker, and 
the Clock goes toofaji-, fo that a Clock can 
never make a true or equal Divifion of Time 
unlejfs the Pendulum, continues of the fame 
Length, and vibrates in equal Times. 

32. To fhew that Metals expand by Heatt, 
andcontradt by Cold, an Inftrument called the 
Pyrometer has been invented, and 
contrived in various Forms. Among '^' * 
others, Ifhall give one of my own, v^ich I 
Judge to be the moft fimple Structure of any 
extant* It is reprefented in Fig. 6^ whcra 

. . L 4 Aa 
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AB is the Balis; at one End of which is a 
brafs Frame C D, in which are contained 
two Wheels, one large one E, and another 
fmall one F, on their Axles. At the other 
End is fixed a large and ftrong upright Piece 
of Iron I K. The Bar of Metal for the Ex- 
periment is G H J one End of which is fixed 
on the Iron Bar by Means of a Hole at K, and 
the other End H is laid on the Axle of the 
Wheel E ; the Bar of Metal is heated by the 
Candles placed underneath on the Pedeftal L. 
By this- Means it will increafe in Length, and 
turn the Axle and its Wheel E, which is 
connected by a String to the fmall Wheel F ; 
and which being naoved, carries the Index P 
over a large graduated Circle M N O, by 
which the Quantity of Expanfion may ia 
different Metals be eftimated as follows. 

33. Suppofe the Bar G H extend in 
Length only One Ten Thcufandth Part of an 
-Irtchy this will move the Axle of the Wheel 
E juft fo much about; and fuppdfe the Dia- 
njeter of the Wheel ten Times that of the 
Axle, the Surface of the Wheel E will be 
moved juft One Tboufandth Part of an Inch. 
As this Wheel is connefted with the fmall 
Wheel F, that Wheel Fmuft be moved juft 
fg much likewife : And now, in the laft 
Place, let us fuppofe the Diameter of the 
Wheel F to be ^L Part of the large gradu-r 
ated Circle M N O ; then fince the Index 
P moves on the Axle of the fmall Wheel, it 

will 
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will move over 20 Times the Space as the 
, Surface of that Weil does in the fame 
Time, that is, it will move over -r^ of aft 
Inch, or One Fiftieth Part of an Inch-, which 
is vifible to the Eye. And fo this Ma- 
chine, tho' fmall, will ftiew the Extenfion 
of Metals to be the Ten Hhoufandth Part of 
an Inch. 

34. If the Bar G H be made red hot, 
and laid on, it will be it.^xi how much k 
will be contrafted or fhortened when cold. 
If Bars of different Metals of the fame Size 
were heated with the fame Candles, in the 
fame Time, it would eafily appear what Dif- 
ference there is in the expanfive Power of the 
feveral Metals, This Inftrument might alfo 
be ufed ^s a Thermometer y to meafure the va- 
rious Degrees of Heat i it might begin where 
Fahrenheit's ends, and be eafily reduced to 
his Scale. ' 

:55. But laftly, perhaps no Inftrument 
can be contrived fo much for thePurpofe of 
an Hygrometer as this > for if the Bar G>H 
be a long Slip of Wood {Deal ox Elniy for 
Inftance) cut acrofs the Grain, and glued ' 
together end- ways, and be laid on this Ma^ 
chine as before, with a Piece of Metal on 
the under Side, and a fmall Weight above 
where it lies on the Axle, then the Moijiure 
of the Air will make it expand, and Drynefs 
will contra£t its Length, both which will be 
fufficiently (hewn by the Index P on the 
large Circle M N O, 36, ThQfC 
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36. There have been different Metho<k 
contrived to remedy this natural Dcfeft of 
Pendulums, two of which I (hall here men- 
tion. The firft is of the Invention of Mr* 
Graham f and depends on this Confide- 
*^' '* ration, that any Rod AB fufpended and 
jput into Motion is as much a Pendulum as a 
common One confifting of a Wire and Bob 
C D. And if the Rod or Bar A B be of a 
uniform Figure throughout, it will vibratp 
in the fame Time with a Bob-Pendulum 
C D, which is juft two Thirds of its Length. 
The Center E, therefore, in the Rod, which 
is oppofite to the Center of the Ball D, is 
called the Center of Ofcillation. If therefore 
A B be a Brafe Tube filled with Qjjickfilver, 
rfic Tube itfelf, by Heat, will lengthea 
downwards,^ but the Column of Mercury in 
it will be expanded upwards i and (o^ 
fince A E is double E B, the Mercury wiU 
rife upwards roore than die Tube lengthens 
downward, it is plain the Center of Ofcilla-^ 
tioA E may by this Means be kept nearly at 
the fame Diftance from the Point of Suf- 
penfion ; and fo the Time of Vibration will 
be more equable, or nearly the fame in dif-» 
ferent Degrees of Heat and Cold. 

37. ' The Point E is alfo the Center of 
Percuffion^^ or it is that Point in which th^ 
Forces of all the Particles of the Rod arQ 
Wttted io ilriking ifotbcif. a Stroke made from 

th 
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fbe Point E is greater than any other thai 
If an be made from any at her Ptnnt in the Rod. 

38, The other is a Frem^b Invention, andl 
confifts of a Kind of con^ppund Pendulum 
SIS follows, A B jis a Rod of Iron, in j.. 
which qn the upper Part is a fixed Piece *^' 
AC J in this is fafteped a Piece of Copper 
C D, which pn its lower End bears on the 
End of a Lever D E, moveable on the Center 
BintheEnd ofthelrofjjlod; from the End 
of the Lever E, there hangs the Ball of the 
Pendulum. F. ♦Now fince Copper will ex- 
tend with Heat confiderably more than Iron, 
the Point D of the Rod C D will pufh down 
the End oi the Lever D, and by mat Means 
raife the Weight F upwards ^ and confe- 
quently, if every Part could be tnily adjufted^i 
the Center of Ofcillation of this Pendulum 
^night always be in the fame Place, and fo 
the Clock keep Time *. 

39. It is well known by ExperinKnt^ that 
a Pendulum which vibrates Seconds is 39 7 
Inches long ; alfo that the Lengths (fPendw^ 
fums aire as the Squares of the Itmes of Vibr ac- 
tion i therefore a Pendulum that vibrates in 
half a Second muft be \ Part of 39 \ or 
9 T% Inches long;. And by fuch a Pendulum 
we can eafily meafure the Dijiance of a Cloud 

* But for a great Variety of curious Inventions of this 
j^indy fee a Treatife of Ck>ck-\vork in th^ Gekeral 
|!(4GAZiNE Of Arts and Science s.^ 

^ "Ufbeti 
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when it thunders and lightens. For holding 
fuch a Pendulum in the Hand, as foon as 
you fee the Lightening, let it go, and tell 
the Vibration s it makes till you hear the 
thundery you have then the Number of 
Half-feconds, for every one of v^rhich you 
muft allow 571 Feet, and then will the Dif- 
tance of the Cloud be known in Feet pre- 
cifely. For by many Experiments it has 
been found, that Sound goes thro' 1 142 Feet 
uniformly in every Second of Time. In the 
fame Manner the Diftance of a Ship on the 
Sea may be meafured by the Fire and Report 
of a Gun. 

* 40- The Pendulum has been of Ufe alfo 
in helping to difcover the true Figure of, the 
Earth ; for a Pendulum that vibrates Se- 
conds here, will vibrate more than 6Q^Times 
in a Minute, under the polar Circle, and lefs 
than 60 under the Equator; and as this Dif- 
ference is greater than what could arife 
from Heat and Cold, it was rightly con- 
cluded to be owing to a. different Power, of 
Gravity on the Pendulum in thofe Places, oc- 
cafioned by the different Diftances fronx the 
Center of the Earth. This gave Occafion 
for an aftual Menfuration of a Degree under 
the Equator and Polar Circle, by which it 
appeared that the Diameter of the. Equator 
exceeded the Axis of the Earth by 80 or 90 
Miles y and that therefore the Earth is not a 
iSphefe, but an oblate Spheroid.. 

4i, In 
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41. In a mechanical Confideration of 
Bodies, there are three Sorts of Centers that 
offer themfelves to our Yitwy viz. the 
Center of Magnitude/ Mot ton j and Gravity. 
The Center of Magnitude is that Point in 
any Body which is equally diftant from all 
the external Parts of that Body. The Cen-- 
ter of Motion is that Point in the Surface, or 
that Line in a folid Body that remains at Reft, 
while all the other Parts of the Body move 
about it. And the Center of Gravity is that 
Point which hieing fupported, the whole 
Body is fupported, or kept from falling. 
The Mannej of finding this Point in any 
Body, is heft fhewn by Experiment. 

42. If two or more Bodies are connected 
together, or any how depend on each other, 
as by Attfadion, &c. there is always a com- 
mon Center of Gravity httwttn them. Thus 
for Inftahce, let E and M be the Earth and 
Moon, and C their commom Center of 
Gravity y the Diftance thereof E C '^*^' 
from the Earth, is to the Diftance C M from 
the Moon as the Quantity of Matter in the 
Moon is to that in the Earth, which is nearly 
as I to 40, and therefore allowing the Diftance 
of the Moon from the Earth to be 240,000 
Miles, the Diftance .EG will be a little more 
than 1 800 Miles. And it is this Center C, 
that both the Earth and the Moon continu*- 
ally revolve .about. And alfo it is the fame 
Center C (and not the Center of the Earth) 

that 
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thatdefcribes the annual Orbit about Ae Sfefti 
There is alio alike common Center of Gra- 
vity betWeeh the Sun and all the Planets, and 
about which the Sun as well as all the Planets 
revolves. So that, truly Ipeakingi there is 
no Body in the whole Syflem at Reft> oif 
the Center of Motion to others. 

43. Any Machine or Inftrument is called 
A mechanical Power , by which we are en^ 
abled to raife or move fuch heavy Bodies as 
exceed our natural Force or Strength j and 
this msty be done two Ways, vizi. by en-^ 
creajing the Power which aSls againfi thi 
heavy Body\ or. Secondly, by dimintjhing 
the Weight qf the Bocfy. The Power is in-^ 
creafed by increafing the Velocity of Motion 
{Art* 1 3 *) And there are three Sort of Ma-i ' 
chines which do this, viz. the Lever ^ thd 
Ftdley^ and the Wheel and Axle. And thel 
Weight of Bodies is diminifhed. Or their 
AiSion agaitift the Power leflened, by laying 
them on an inclined Plane, to which we re- 
fer the Wedge and the Screw. 

44* The L? VER is art inflexible Line 
ig, 10. ^ j^^j ^g moveable about a Point C^ 

on which it is fupported, and is called this 
Fulcrum i it different Dillances from this 
Point at each End are applied the WeightW^ 
and the Power P, which are in Equilibrio 
with each other. Now whenever the Lever 
is put into Motion, it is evident, rflc Velo^ 
dty of the Power will h^ to that of the 

Weight 
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Weight as the Diftance CB to the Diftance 
A C } and therefore die <iuantity of Matter 
in P will be lefs than that in W in the fame 
Proportion. And therefore Jo much are the 
natural Powers of Bodies increajed by this 
Machine. 

45. The Pulley, being only a Whcd, 
is fingly no mechanical Power shtcsiufc Bodies 
fufpended upon it have ^gual Velocities of 
Motion I but a Combination of two or more 
PuUies conftitute a mechanical Machine. For 
it is evident the Velocity of the Power P is 
greater than that of the Weight W, in pro- 
portion as the Number of Ropes belonging 

to the lower Set or Box of Putties exceeds ^^* "* 
Unity. Thus in the Figure the Weight W 
hangs by five Ropes, and the Power P by 
one, therefore, when the Weight is raifcd 
one Inch, the Power will dcfcend through 
five; and its Force is therefore increafed 
five Times. 

46. I ihall juft here remark, that a ju/i 
Ballance is in the Nature of z Jingle Pulley } 
and zfal/e Balance is like the Lever i and yet 
the Steel-yards which is aLcveralfo, x^zjujl 
Ballance when truly made, and one of the 
beft Inftruments of this Kind. The Nst- 
ture of the Ballance, efpeciaDy ihtfalfe ontp 
will be fully illuftrated by Experiments. 

47. TheWHEEL and Axle is a very 
ufeful mechanical Power ; becaufe the *** "* 
Power P hanging fram the Circumference 

CD 
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C D of the Wheel, will have a Velocity 
greater than that of the Weight W on the 
Axle, in proportion as the Diameter of the 
Wheel is greater than that of the Axky that 
is, of 12 to I, in the Figure. Of this 
Kind are all Winches j Windlajfes, CapJianSf 
Crane^Wheelsy &c. 

48. The Inclined Plane is a mecha- 
nical Power ^ by diminifliing the Weight of 
Bodies laid thereon. For, let the Plane 
be A B, and D E F a Body lying upon it, 

^ thisBody will gravitate in the Diredion 
'^* '^* of the Line N H, perpendicular to the 
Horizon B C, and cutting the Plane in G* 
Suppofe therefore the Line NG reprefentthe 
whole Gravity of the Body, draw N F per-^ 
pendicular to the Plane j then will the 
whole Gravity NG be refolved into twq 
Parts N F and F G (by Art. 24.) but fince 
the Part NF is perpendicular to the Plane^ 
it will be all deftroyed by the equal Re-a£iion 
thereof (/jfr/. 25.) and fince the other Pari 
F G is parallel to the Plane, it will tend to 
move the Body down upon it. 

49. Now this rejidual Gratuity (which is 
all we have to overcome in moving Bodies 
up the Plane) is to the whole Grofvity of the 
Body as GF toGN, or as GH to G B, 
that is, as AC to AB, viz. as the Height of 
the Plane to its Lengthy and therefore tlie 
more the Plane is inclined to the Horizon, 
the lefs will be the Weight of Bodies lying 
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on them, which we adt againft; and con- 
fequently the greater will be the Advantage;^ 
of this Machine. 

50. The Wedge, ABC, muft certainly 
be a mechanical Power, as it confifts of two 
inclined Planes, joined by their Bafxs. But 
though the Plane is doubled in the Wedge; 
yet me Force of the Wedge is not double^ 
t>ut only equal to that of a Jingle Plane p. 
A C, or BC ; for each Plane adls againft *^' '** 
equal Forces by the fixed Bafe DC, coilimon 
to them both. And therefore the Force of 
the Wedge is fiill exfrejfed by. the Proportion 
of KC to AD, viz, the Length of the Side 
to half the Thlcknefs. Of this Kind is the 
Knife, the Axe, ^^itChifet, &c. 
' 51. The Screw AB is generally reckon- 
ed 2,fmple mechanical Power, but very mif- 
takenly, fincewc never work it without the 
Lever FG, or fomething analogous to it. 
This*Machme, when rightly confidered, is 
nothing but an inclined J^lane, coiled 
round a Cylinder ; and as a heavy Body * '^' 
is raifed oiily through the perpendicular Dif- 
tance of two Threads while it has paffed 
once round the Cylinder, therefore, the 
Power is to the Weight (in this Machine alone) 
as the Diftance of the Threads to the Circum- 
ference of the Cylinder ; that is, as the Height 
to the Length of the Plane, as before. 
:. -52. But, as I faid, fince to this Machliie 
we gen«culy add the Lever^ they become 

M ' together 
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together a Machine of very grcai Forcc^ and 
not only ferves in many Cafes for moring 
or raiiing Weights, but its Make adapts it to 
anfwcr all the iifeful Burpolbs of Con^ef- 
Jfony and for i^olding and Mnding Bediet 
together. And perhaps there is not a Ma** 
chine fo univerfally ncccffary in every Bu-f 
iinefs of Life as the Screw. 

53. The Computations of Force in th« 
foregoing Machines, is upon Suppofitioli 
that there is no FriSion between the moving 
Parts ; but as no Machine can be contrived 
without itt and when fereral are combined 
together into one compound Machine, it is 
found, that a very confiderable Allowance 
muft be made for it; ^iz. near 2, third 
Part of a wbok acquired Force f muft be 
allowed to overcome the Fridkion of the flb-^ 
vcral Parts, This being dcme, the Force of 
any compound Machine is known, by mul^ 
tiplying together thefeveral Forces of dlltbe 
fmple Fowers of which it cottfiJlsM 

54^ If a Chain be fuipendcd at each End, 
upon the Points AC, it wiH by its Weight 
fettle itfclf into a Curve ABC, called the Ca* 
tenaria ; and, fince all the Parts of thisCurve 
p. ^ are in Equilibrio iiy thdr fiiutual Gra*- 
' vity, it is evident, that it is preferable 
to any other for the Form of an^ Arch to bwld 
upon. For, if this Curve be inverted, or 
turned with its convex Part upwards^ it 
will fupport itfelf. And it is^ demonftrated 

that 



Digitized by LjOOQIC 



/e>7^ Newtonian Philosophy. 163 

^af when; l;he Height of the Areh D B, and 
ii« /J^hiclwefs at Top BE, are given, p. 
t^n there will be an Equilibrium in !^' '^'^ 
»11 Parts, ff^hm the Half-length of tht Chmn 
AB is a Mean proportional between the Height 
D B and the Sum of the Height^ and twice the 
fhicknefs B E- That is, wheq D B : A B : : 
A5:DBx2.3B- ' 

55:. In ithe laft Place> with refped to 
Whebl Cabkiaoes, we may cafily under-- 
ftfftd, th^t «L UtgQ Wheel G H I will go j., 
over any Qfcftacle with mor^ Eafe than '^* '*' 
ai lefier on^* 3CX>* For^ fuppofe BE an 
Obftacle placed before the low Wheel, and 
9qual.in Hcighi^ to the Ilaidius or Semidia- 
meibcr O P, thfin> ifthe Whpel be drawn 
in the IHredipn A B> parallel to the Hof i- 
zon E r^: it ia pUin the Point of the Wheel 
2it B wiH be drawn dire<3tly againft the Top 
of the Ohftacle, aad alfo its Center O ; and 
fo the whicde Motion df the Wheel will be 
deftroyed by the equal Re-a<ftion of the 
Obftacle BE, fuppofed to be fixed. But the 
fame Obftacle being placed before the larger 
Wheel at E G, the Point G in the Wheel 
is bel6w the Center Q, and confequently, 
when the Wheel is drawn hori^jontally, the 
Point G preflcs the Obftacle obliquely, and 
fo only a Part of the Force is deftroyed by^ 
Re-acftion; the other remaining f^art will 
tend to raife the Wheel over the Obftacle, 
Since; then, a high Wheel will go over an 

Obftacle, 
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Gbftacle, when a low Wheel will not ; it 
follows, they are moji advantageous far Car-' 
riage* And this we fufficicntly fliew by 
Experiments, in loading Waggons before and 
behind^ &c. 

tfi. Another Contrivance for facili- 
** *'' tating the Draft of loaded Carriages, 
is, by placing a BoxEF, containing two 
moveable Wheels, A B, C D, over the Ends 
of both Axle-trees, in fuch Manner, that 
the End G of the Axle may lie in the Inter- 
fciftion of the two Wheels i and therefore, 
when the Waggon is loaded, it will bear 
wholly by thefe FriiSlion Wheels on the 
Axles ; and when drawn along, the Friftion 
Wheels will move with the Axles, by which 
Means the Fridtion, or Refiftance in the 
common Way, is abated nearly in thePro- 
portion of the Diameter of the Fridion 
Wheel to that of the Axle. All which will 
appear very plainly by Experiments made on 
1 Carriage of this Sort. i 



FINIS. 
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